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Range  reseeding  can  increase  the  forage  production 
on  many  acres  of  southern  Idaho  range  lands.   Careful 
planting  by  proper  yet  inexpensive  methods  will  produce 
good  stands  on  many  lands  now  covered  with  annual  weeds, 
cheatgrass,  or  brush,  and  where  mountain  valleys  or  burned 
timber  tracts  need  revegetating. 

Sufficient  knowledge  about  suitable  species,  methods 
of  planting,  and  site  requirements  has  been  acquired  to 
justify  formulation  and  prosecution  of  a  reseeding  program 
for  certain  range  lands  of  southern  Idaho. 
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Additional  low-cost  forage  is  greatly  needed  by  the  range  live- 
stock industry  of  southern  Idaho.  Reseeding  of  depleted  tracts 
by  proper  methods  will  help  supply  this  forage.  ^Vhere  the  value 
of  the  increased  forage  will  repay  the  cost  of  planting,  reseed- 
ing of  selected  sites  is  Justified. 

The  in?>ortant  part  that  reseeding  can  play  in  restoring  ranges 
to  a  fuller  production  has  been  sufficiently  demonstrated  to 
justify  a  reseeding  program.  Satisfactory  results  can  be  ob- 
tained on  many  sites  during  average  or  better  years,  although 
more  study  is  needed  to  insure  consistent  success  under  all  con- 
ditions and  to  extend  reseeding  to  all  ranges  where  it  is  needed. 
Present  information,  even  when  correctly  applied  cannot  eliminate 
failures.  However,  the  chances  for  success  will  be  best  if  recom- 
mended procedures  are  applied  with  discrimination  and  close  at- 
tention is  given  to  details. 


1/  Assistant  Forest  Ecologist  and  Conservationist,  respectively, 
of  the  Intermountain  Forest  and  Range  Experiment  Station, 
Ogden,  Utah. 
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PRINCIPLES  OF  AfiTinCI^  RETEGETATIQN 


The  ezperlments  which  have  helped  clarify  these  principles  have 
been  carried  out  in  widely  separated  points  in  Idaho*  Vfork  has 
been  centered  near  Dubois,  near  Idaho  Falls,  near  Holbrook,  and 
on  and  near  the  Boise  National  Forest,  Observations  throughout 
the  southern  part  of  the  state  on  other  test  plantings  and  on 
large-scale  plantings  by  public  agencies  and  livestock  men  have 
substantiated  experimental  results. 

Several  specific  phases  of  the  reseedlng  problem  are  being  studied. 
The  suitability  and  value  for  range  reseeding  of  almost  250  species 
are  being  tested  and  some  species  have  been  found  adapted  to  each 
of  the  problem  areas  covered  in  this  report. 

The  efficiency  of  many  methods  of  seedbed  preparation  and  planting 
has  been  tested.  These  include  railing,  plowing,  disking,  harrow- 
ing, burning,  drilling,  and  broadcasting  with  and  without  various 
methods  of  covering  on  prepared  and  unprepared  ground,  on  snow, 
and  on  ashes.  Plantings  have  been  made  at  all  practicable  seasons 
of  the  year,  and  at  various  rates,  row  spacings,  and  depths. 

In  each  test  the  nature  of  the  soil,  climate,  and  vegetation  has 
been  recorded  to  serve  as  a  guide  for  future  plantings  and  for 
recognizing  tracts  on  which  similar  results  can  be  expected. 

The  principles  which  have  thus  been  developed  and  which  must  be 
recognized  for  successful  reseeding  of  range  lands  are  as  follows: 

c^  Reseed  the  better  sites  first. 

The  best  stands  are  secured  where  the  soil  is  deep,  fertile,  and 
where  the  moisture  supply  is  above  average.  Poor  soils  or  rough 
sloping  lands  should  be  avoided  until  after  the  better  sites  are 
seeded,  A  good  indicator  of  productivity  and  the  chance  for  suc- 
cessful reseeding  is  the  vigor  and  density  of  the  existing  low- 
value  vegetation*  Dense,  vigorous  stands  of  sagebrush  and  other 
low-value  vegetation  are  usually  produced  on  good  sites,  and  there- 
fore denote  sites  favorable  for  reseeding.  Proper  seeding  of  pro- 
ductive land  increases  the  range  forage  supply  more  than  does  similar 
effort  applied  either  to  less  productive  land  or  to  a  larger  area  by 
less  effective  methods, 

t=Cik   Choose  adapted  species. 

Only  those  species  should  be  planted  which  are  well  adapted  to  the 
soil,  climate,  and  can  maintain  a  good  stand  and  yield  a  continuous, 
worthwhile  volume  of  forage  under  proper  grazing  use.  Learn  as  much 
as  possible  about  the  growth  requirements  of  suggested  species  as 
well  as  the  growing  conditions  where  they  will  be  planted.  Seed 
grown  locally  or  under  similar  climatic  conditions  should  be  used 
whenever  available, 
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c=T^  Use  mixtures  wherever  possible. 

Mixtures  take  advantage  of  local  soil  and  moisture  differences 
better  than  do  single  species.  Therefore,  and  because  of  differ- 
ences in  seasons  of  growth,  they  provide  more  forage  and  a  longer 
grazing  season.  Grazing  of  new  stands  can  be  started  sooner  if 
adapted  fast-growing  species  are  included  in  the  mixture.  Fast- 
and  slow-growing  species  or  species  of  different  growth  habits, 
seeded  in  alternate  drill  rows,  do  not  compete  so  directly  with 
one  another  in  the  seedling  stage. 

«=vi>  Use  sufficient  seed  but  avoid  overseeding. 

Correct  seeding  rate  is  dependent  upon  the  efficiency  of  the 
method  of  seeding  and  the  purity,  germination,  and  size  of  the 
seed  used.  The  use  of  excessive  seed  is  not  only  wasteful,  but 
also  may  result  in  failure  due  to  conipetition  for  moisture  among 
the  seedlings. 

Recommended  seeding  rates  are  based  on  good  seed  and  efficient 
methods  of  planting,  such  as  drilling.  When  the  seed  is  of  poor 
quality  or  ineffective  planting  methods  must  be  used,  the  rate  of 
seeding  should  be  increased. 

Since  standards  of  purity  and  germination  for  seeding  of  most  species 
used  in  range  reseeding  have  not  been  set  up,  the  buyer  should  ex- 
amine the  seed  for  purity  and  soundness.  Germination  tests,  which 
may  be  made  by  the  State  Seed  laboratory,  are  desirable.  Good  seed 
with  a  purity  of  98  percent  and  a  germination  of  95  percent  (live 
seed  content  of  93 •!  percent)  is  a  better  buy  at  15  cents  per  pound 
than  is  fair  seed  with  a  purity  of  85  percent  and  a  germination  of 
70  percent  (live  seed  content  of  59*5  percent)  at  10  cents  per  pound. 
Excellent  values  may  often  be  obtained  in  good  locally  grown  seed  or 
in  any  good  seed  containing  chaff,  straw,  or  other  foreign  material 
which  may  be  successfully  sown  with  the  seed.  However,  the  cost  of 
removing  all  foreign  material  that  would  hinder  drilling  should  be 
investigated  before  purchase. 

c=^  Plant  at  the  proper  season. 

On  southern  Idaho  range  lands  the  best  season  for  seeding  is  the 
fall  of  the  year.  Seedlings  that  develop  just  after  a  continued 
supply  of  fall  moisture  is  assured,  grow  during  both  the  fall  and 
spring  seasons  and  are  better  able  to  withstand  the  summer  drought 
than  are  spring-seeded  species,  which  have  less  well-developed  root 
systems.  Although  spring  planting  on  well-prepared,  firm  seedbeds 
has  given  good  results,  the  difficulty  of  getting  on  range  lands 
early  in  the  spring,  combined  with  a  short  planting  season  and  un- 
dependable  moisture  make  large-scale  spring  seedings  undesirable. 
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On  high  mountain  lands  with  considerable  ea  ly  fall  moisture, 
plantirg  may  begin  in  September.  At  lower  olevationa  where  fall 
rains  can  be  depended  upon,  planting  in  October  is  recommended. 
Where  fall  rains  are  uncertain  planting  should  be  delayed  until 
late  fell.  If  at  any  time  rains  have  been  sufficient  to  assure 
germinttion  and  seedling  survival  up  to  the  time  winter  sets  in, 
seeding  can  be  safely  done. 

«=i>  Cover  seed  adequately. 

Correct  depth  of  seed  covering  is  roughly  proportional  to  the  size 
of  the  seed.  Seed  of  most  species  should  be  planted  one-half  inch 
deep.  Sball  seeded  species  should  not  be  c  jvered  more  than  one'» 
fourth  inch.  Deeper  covering  is  desirable  on  light,  sandy,  or  dry 
soils  trjid  shallower  covering  on  heavy  clays. 

The  moisture  supply  for  uncovered  or  shallo  ly  covered  seed  is 
usually  so  uncertain  that  germination  is  poor  or  the  young  seedlings 
die  before  the  roots  can  reach  a  more  dependable  source.  Broiadcast- 
ing  without  proper  covering  is  successful  ovily  where  moisture  condi- 
tions are  unusually  favorable.  Bulbous  bluegrass,  which  often  does 
well  when  broadcast  without  covering,  is  an  exception.  Seedlings  of 
this  species  become  dormant  during  dry  periods  and  resume  growth  with 
the  advent  of  moisture. 

«=v^  Reduce  congjetition  from  undesirable  plants. 

Undesirable  plants  which  use  much  of  the  available  moisture  prevent 
the  establishment  of  high-yielding  stands  of  reseeded  species.  There- 
fore, it  is  necessary  to  reduce  dense  stands  of  such  plants  as  sage- 
brush or  cheatgrassf/which  would  coiq;>ete  directly  with  the  species  to 
be  planted.  Lands  supporting  Russian thistle,  mustards,  and  other 
smmner-growing  annuals  usually  require  no  treatment  before  planting. 

«=^  Apply  wise  range  management. 

Seedlings  should  be  grazed  lighly  or  not  at  all  until  they  are  large 
enough  to  withstand  grazing  which  is  usually  after  the  first  seed 
crop  is  produced.  Because  grazing  slows  up  development,  plants  that 
are  continually  eaten  off  do  not  reach  maximum  forage  production  as 
quickly  as  plants  that  are  protected  or  only  lightly  used  until  after 
the  first  seed  crop.  Thus  forage  taken  during  the  early  life  of  a 
reseeded  stand  is  usually  obtained  at  the  expense  of  a  good  stand  or 
of  total  forage  production  in  later  years.  Early  protection  and 
light  grazing  of  reseeded  stands  on  steep  slopes  or  loose  soil  ia 
especially  important.  After  the  plants  are  established,  the  reseedei 
area  should  be  managed  in  such  a  manner  as  to  prevent  deterioration 
of  the  forage  or  soil. 


2/  Cheats  'ass  ( Bromus  tectorum)  is  also  ref arred  to  as  cheatgrass 
brcxne,  broncograss,  or  junegrass. 
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PRECAUTIONS  TO  OBSERVE 


Haphazard  planting  on  poorly  selected  areas  will  seldom  result  in 
satisfactory  stands.     Effort  should  be  applied  only  where  sizable 
and  lasting  benefits  can  be  obtained.     Consider  carefully  the  fol- 
lowing questions  before  planting  a  particular  tract: 

•^i^   Is  reseeding  needed  to  improve  this  range? 

If  enough  good  forage  plants  are  still  present  and  only  better 
management  is  needed  to  bring  about  natural  recovery  of  the  native 
forage,   reseeding  is  seldom  justified.     First  consideration  should 
be  given  those  low-forage  producing  ranges  on  which  all  or  most  of 
the  valuable  plants  have  disappeared. 

^^i^    Is  precipitation  sufficient? 

Moisture  supply  is  one  of  the  most  important  points  to   consider  in 
deciding  whether  or  not   to  reseed  an  area.     Usually  an  annual  preci- 
pitation of  at  least  10  inches  with  at  least  3  inches  falling  during 
the  spring  growing  season  is  required. 

•^iu^  Are  the  soil  and  topography  suitable? 

Ranges  with  productive  soils  yield  quicker  and   surer  returns  than 
do  unproductive  areas.     The  more  favorable  tracts  will  make  greater 
returns  for   each  dollar  spent  and  should  on  that  account  be  treated 
before   the  poorer  tracts.     Slopes  too  steep  for    the   operation  of 
machinery  ordinarily  used  for  planting  are  costly  to  seed  and  re- 
seeding operations  may  start  erosion.     The  reseeding  of  steep  slopes 
is  not  recommended  except  where  erosion  is  excessive  or  where  water- 
shed protection  is  needed  and  then  special  methods  must  be  employed 
to  check  erosion* 

•^^  How  will  reseeding  affect  the  year-round  forage  supply? 

Reseeding  can  be  especially  valuable  to  the  livestock  industry  by 
providing  forage  at  the   season  when  it   is  most  needed  and  thereby 
relieving  grazing  on  ranges  which  have  been  suffering  because  of 
improper  season  or  intensity  of  use.     For  exanqple  increased  forage 
on  spring-fall  ranges  may  solve  a  problem  of  overuse  on  summer 
ranges  by  permitting  a  shorter  grazing  season.     Reseeding  of  spring- 
fall  ranges  with  early  growing  grasses  will  supply  much  needed  early 
spring  feed  and  thus  reduce  the  period  of  winter  feeding. 

«=Tui»    Can  the  correct  management  be  applied  after  planting? 

Where  reseeding  is   necessary,   the  original  causes  of  range  depletion 
should  be  corrected  and  good  management   should  be  applied.     Reseeded 

stands  will  be  damaged  by  overstocking,  too  early  grazing,  or  undue 
concentration   just  as  surely  as  were  the  original  stands. 
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Reseedlng  will  most  likely  be  successful  if  the  foregoing  prin- 
ciples are  carefully  applied.  The  following  recommendations  are 
based  upon  the  best  available  information  and  can  be  applied  with 
considerable  confidence. 


RECOUUENDA.TIQNS  FOB  BESilEDlNG  SOUTHEBl)  IDAHO  R/INGE  LAUDS 


These  recommendations  are  presented  in  a  specific  manner,  but 
since  they  cover  broad  problem  areas  it  may  be  necessary  to  modify 
them  in  accordance  with  local  growing  conditions  and  facilities  for 
doing  the  work.  Such  modifications,  however,  should  conform  to  the 
foregoing  principles. 

Plains,  Valleys,  and  Low  Foothills 

Plains,  valleys,  and  low  foothills  which  can  be  successfully  re- 
seeded  occur  principally  in  a  broad  belt  from  Ashton  to  Weiser, 
along  the  Snake  River  and  in  adjacent  and  tributary  valleys. 

The  original  cover  wis  chiefly  sagebrush  and  grass  with  smaller 
areas  of  greasewood,  shadscale,  euid  winterfat,i/  Because  of  past 
overuse  and  fire,  sagebrush  has  increased  on  many  areas  and  the  valu- 
able forage  plants  have  been  replaced  by  inferior  forage  species  such 
as  cheatgrass,  Hussianthistle,  and  mustard.  Reseeding  can  be  applied 
on  lands  supporting:  (1)  Russianthistle  and  mustard,  (2)  dense  stands 
of  cheatgrass,  and  (3)  dense  sagebrush  stands. 

Stands  of  Russianthistle,  mustard,  and  other  summer-growing  annual 
weeds  which  result  from  recent  burning  or  cultivation  and  abandon- 
ment, are  as  a  nils  exceptionally  favorable  for  reseeding.  Such 
weeds  do  not  seriously  compete  with  the  reseeded  species  and  they 
are  frequently  beneficial  in  protecting  the  seedlings.  It  is  desir- 
able to  plant  these  lands  before  they  are  occupied  by  cheatgrass  or 
sagebrush,  both  of  which  make  reseeding  more  difficult. 

1,  Treatment  before  planting.  None  needed. 


2/  Winterfat  (Eurotia  lanata)  is  often  called  white  sage. 
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2*  Seed  mixture.  ^ 

CJood  soil.  Rainfall 
Average  to  dry  soil  and   considerably  higher 
Species    moisture.  Usually  at     than  on  low  plains 

low  elevations and  valleys 

(pounds  per  acre  for     (pounds  per  acre  for 
drilling)  drilling) 

Crested  wheatgrasa*  4  4 

Bulbous  bluegrass**  3  2 

Big  bluegrass  -  1 
Tall  oatgrass  or 

mountain  brome  -  3 

Total  7  10 

*Should  always  be  part  of  the  mixture* 
**Not  recommended  for  southeastern  Idaho. 

3«  Planting, 

A.  Season.  Fall. 

In  localities  where  fall  rains  can  be  depended  upon, 
planting  in  September  or  early  October  is  best.  Where 
fall  rains  are  uncertain,  later  planting  is  better. 

B.  Method,  Disk  drill  or  lister  drill  in  rows  12  or  14 
inches  apart.  On  steep,  rough,  or  rocky  land  where  a 
drill  cannot  be  used,  broadcast  seed  at  1^  times  the 
rate  specified  for  drilling  and  cover  with  disk,  self- 
clearing,  or  spiketooth  harrow. 

On  steep  slopes  a  small  sidehill  drill  with  outrigger 
wheels  is  useful  for  planting  either  contour  strips  or 
solid  stsinds. 

C.  Depth.  One-half  to  three-fourths  inch. 

Dense  stands  of  cheatgrass  result  from  burning  or  from  cultivation 
and  abandonment.  These  stands  are  most  extensive  on  the  Snake  River 
Plains  and  on  the  granitic  slopes  of  southwestern  Idaho.  Cheatgrass 
stands  so  con5)letely  utilize  the  soil  moisture  that  they  must  be  re- 
duced in  density  and  vigor  before  reseeding. 

Burning  cannot  be  depended  upon  for  effective  reduction  of  cheat- 
grass.  Where  scattered  brush,  high  winds,  or  other  conditions  make 
cheatgrass  burns  exceptionally  hot  or  where  burns  occur  early  in  the 
summer  season,  the  cheatgrass  stand  is  sometimes  reduced  enough  to 
allow  successful  planting.  However,  this  reduction  is  not  reliable, 
especially  if  sufficient  rain  causes  cheatgrass  seed  to  germinate  in 
the  early  fall. 
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!•  Treatment  before  planting.  Kill  most  of  the  cheatgpass. 

Plow  with  a  Wheatland  or  moldborad  plow  in  the  spring. 
Best  kills  are  obtained  if  plowing  is  done  when  the  sur- 
face soil  is  dry  and  before  the  cheatgrass  seed  heads 
,  are  out.  Disking  or  spiketooth  harrowing  is  usually 

inadequate. 

A  less  positive  but  sometimes  more  practical  time  for 
this  operation  is  in  the  fall  after  cheatgrass  has  ger- 
minated. 

Partial  elimination  of  cheatgrass  which  may  prove  ade- 
quate may  be  obtained  by  fall  planting  with  the  deep 
furrow  lister  drill. 

2.  Seed  mixture.  Same  as  for  Russianthistle  and  mustard  (p.  6). 

3«  Planting.  Same  as  for  Russianthistle  and  mustard  (p.  6). 

Deep  furrow  planting,  which  cuts  out  a  narrow  strip  in 
cheatgrass  areas  thereby  reducing  competition,  has  at 
Dubois  produced  successful  stands  of  crested  wheatgrass 
for  four  consecutive  years.  The  seed,  sown  after  cheat- 
grass  had  begun  fall  growth,  was  planted  and  covered 
lightly  in  the  bottom  of  a  2-inch  furrow  made  by  a  single 
disk  drill.  In  the  first  season  wheatgrass  seedlings  grew 
alone  in  the  bottom  of  the  furrows.  During  the  second 
growing  season  cheatgrass  was  present  in  the  stand  with 
crested  wheatgrass,  but  by  the  third  or  fourth  season  most 
of  the  cheatgrass  was  eliminated. 

I)enae_  sagebrush  steinds  in  which  the  palatable  plants  have  been  largely 
eliminated  or  replaced  by  sagebrush  are  an  in5)ortant  range  problem. 
Such  low-yielding  ranges  result  from  invasion  or  increase  in  density 
of  sagebrush  on  abandoned  cultivated,  iii5)roperly  burned,  or  overgrazed 
lands.  Reseeding  is  difficult  because  the  sagebrush  hinders  planting 
and  competes  with  the  reseeded  species  for  moisture. 

1.  Treatment  before  planting.  Effectively  reduce  the  brush 
cover.  Sagebrush  can  be  torn  up  and  much  of  it  killed  by 
TTheatland  plows,  self-clearing  harrows,  and  rail  drags. 
Wheatland  plows  are  most  effective  where  they  can  be  used. 
Where  the  sagebrush  is  small  and  young,  railing  or  harrow- 
ing often  gives  unsatisfactory  kills. 

Planned  burning  is  an  economical  means  of  eliminating  sage- 
brush. Burned  areas  usually  offer  a  good  seedbed  with 
little  competition  for  the  reseeded  species,  ifeny  accident- 
al burns  can  also  be  successfully  and  easily  seeded.  Bums 
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in  need  of  reseeding  should  be  seeded  the  year  of  burn- 
ing before  sagebrush  and  cheatgrass  occupy  the  area. 

The  complete  removal  of  the  brush  cover  by  burning, 
'   however,  often  escposes  the  seedlings  to  damage  by  wind 
and  high  tenperatures.  In  any  case  fire  should  not  be 
used  where  erosion  is  liable  to  be  serious  or  where 
adequate  fire  control  is  not  possible.  Rabbitbrush, 
yellowbrush,  and  other  species  which  sprout  from  the 
crowns  or  roots  cannot  be  eliminated  by  bxirning. 

2,  Seed  mixture.  Same  as  for  Russianthistle  and  mustard 
(p.  6). 

3.  Planting. 

A.  Season.  Same  as  f\3r  Russianthistle  and  mustard 
stands  (p.  6). 

B.  Method.  Same  as  for  Russianthistle  and  mustard 
stands  (p.  6). 

Where  uprooted  brush  is  so  thick  as  to  prevent  drill- 
ing, broadcast  at  1^  times  the  rate  specified  for 
drilling  on  the  rough  ground  immediately  after  plow- 
ing. Soil  sloughing  will  generally  provide  covering 
of  the  seed.  If  a  seeder  attachment  for  the  Wheatland 
plow  is  not  available,  an  extra  man  on  the  tractor  or 
plow  can  broadcast  seed  satisfactorily  on  the  plowed 
ground. 

C.  Depth.  One-half  to  three-fourths  inch. 

Mountain  Lands 

Adjacent  to  the  broad  plain,  valley,  and  foothills  are  mountain 
lands  which  vary  greatly  in  soil  and  vegetative  cover,  precipitation 
received,  temperature  of  their  different  slopes,  and  in  elevation  and 
topography.  Because  of  a  usually  higher  rainfall  these  lands  are  mere 
favorable  for  reseeding  than  are  the  plains,  valleys,  and  foothills. 
Although  the  mountain  lands  in  need  of  reseeding  are  sometimes  smaller 
in  area  than  the  broad,  exposed  plains,  they  are  potentially  produc- 
tive and  returns  from  reseeding  are  likely  to  be  high.  This  mountain 
land  can  be  conveniently  divided  into  three  classes:  (l)  mountain- 
brush  leuids,  (2)  mountain  valleys,  and  (3)  recently  burned  timber 
lands. 

Mountain  brush  lands  on  which  the  more  valuable  forage  plants  have 
disappeared  through  unwise  use  occur  in  small  tracts  at  low  and  inter- 
mediate elevations.  Sagebrush  is  the  most  abundant  species  but  higher 
precipitation  and  the  presence  of  snowberry,  serviceberry,  chokecherry. 
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and  t^e  maple  distinguished  these  lands  from  the  dense  sagebrush 
stands  of  the  valleys  and  foothills.  This  type  ranges  from  dry 
to  moist  slopes  and  flats  and  is  generally  productive.  However, 
with  the  exception  of  brush- free  openings,  reseeding  is  difficult 
because  the  brush  hinders  planting  and  cQa^>etes  with  the  reseeded 
species*  Slopes  too  steep  for  the  operation  of  ordinary  machinery 
should  be  avoided  as  erosion  may  result  from  their  disturbance. 
The  reseeding  of  such  slopes  is  ordinarily  necessary  only  where 
erosion  is  or  may  become  excessive.  Accidental  burns  in  this  type 
should  be  seeded  wherever  possible. 

1.  Treatment  before  planting.  Same  as  for  dense  sagebrush 
stands  in  valley  and  foothill  lands  (p.  8). 

Burning  should  be  attempted  only  where  adequate  fire 
control  can  be  provided  or  where  the  erosion  hazard 
is  not  high. 

On  small  areas  of  rough  topography  where  heavy  power 
equipment  is  not  adapted,  plow  contour  f\irrows  3  to  5 
feet  apart. 

2.  Seed  mixture. 

Favorable  sites 
Dry  sites  with  Average  soil  and  exposures 
Species      low  precipita-  and  moisture  with  good  pre- 

tion  _— _  cipitation 

(pounds/acre)   (pounds/acre)   (pounds/acre) 

Crested  wheatgrass  d*  3*           2 

Big  bluegrass  111 

Bulbous  bluegrass**  2  2- 
Tall  oatgrass  or 

mountain  brome  3  3*           * 

Smooth  brome  -  2            4 

Orchardgrass  -  *            ^ 

Total  10  11           12 

*These  species  should  always  be  present  in  the  mixture.  If 
it  is  impossible  to  obtain  the  other  grasses,  plant  the  (*) 
starred  species  at  1^  times  the  rate  indicated. 

**Not  recommended  for  southeastern  Idaho. 

3«  Planting. 

A.  Season.  September  15  until  winter.  The  drier  the  site 
the  later  the  seeding  may  be  done. 

B.  Method.  Same  as  for  dense  sagebrush  stands  (p.  8). 
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On  deep,  moist  soils  a  6-  or  7-inch  drill  spacing  may  be 
used.  On  contour  furrows,  broadcast  immediately  after 
plowing  at  1^  times  the  rate  specified  for  drilling. 

C.  Depth.  One-half  to  three-fourths  inch. 

Mountain  valleys  are  not  extensive  in  area  but  because  of  their 
high  potential  productivity  they  are  important  to  the  livestock 
industry.  As  a  result  of  heavy  grazing  and  some  cultivation,  sage- 
brush, low-value  weeds,  and  cheatgrass  now  occupy  large  tracts  of 
range.  Irrigation  of  the  seeded  area  is  often  possible  and  results 
in  greatly  increased  forage  production. 

i»  Treatment  before  planting.  Where  sagebrush  is  present 
same  as  for  dense  sagebrush  stands  (p.  8).  Where  low- 
value  weeds,  grasses,  or  sedges  are  present,  plow  with 
Wheatland  plow. 


2. 


Seed  mixture. 

Species 

Dry  to  average 
soil  and  mois- 
ture .  Summers 

often  dry. 
(pounds/acre) 

Crested  wheatgrass 
Tall  oatgrass  or 
mountain  brome 

2 
4* 

Smooth  brome 

3* 

Slender  wheatgrass 

Orchardgrass 

Timothy 

Total 

2 
1 

12 

Soil  and  moisture 
favorable  for  con- 
tinued growth  of 
plants  during  summer 
(pounds/acre) 


4* 
2 
2 

2* 
14 


*These  species  should  always  be  present  in  the  mixture. 
If  other  grasses  cannot  be  obtained,  plant  starred  species 
at  1^  times  the  specified  rate, 

3«  Planting. 

A.  Season.  Late  suimaer  through  late  fall,  depending  on 
when  rainfall  can  be  ejcpected. 

B,  Method,  Drill  if  practical  with  6-  or  7-inch  row 
spacings. 

Where  plowing  has  been  necessary,  the  seed  may  be 
broadcast  immediately  following  plowing  at  1^  times 
the  rate  specified  for  drilling.  Where  soil  slough- 
ing will  not  cover  the  seed  it  should  be  covered  by 
harrowing  or  brush  dragging. 
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C»  Depth.  One-half  to  three-fovirths  inch» 

Hecently  burned  timber  lands  occur  in  two  widely  separated  areas: 
in  the  ponderosa  pine-Douglas-fir  type  of  southwestern  Idaho  and 
in  the  lodgepole  pine  and  Douglas-fir  types  of  southeastern  Idaho. 
Immediate  reseeding  is  often  desirable  for  erosion  control.  lack 
of  plant  coiupetition  and  ease  of  seed  covering  are  additional  ad- 
vantages gained  by  early  treatment.  Logging  roads  and  skidways  on 
cut-over  tracts  present  similar  conditions  and  can  be  planted  in 
the  same  manner* 


1*  Treatment  before  planting, 
done  the  year  of  the  bum. 


None  needed  if  planting  is 


2«  Seed  mixture.  Because  of  wide  variations  in  elevation, 
moisture,  and  soils,  the  mixtures  for  reseeding  can  best 
be  selected  from  previously  discussed  areas  of  similar 
growing  conditions  (pp.  7,  10,  and  11).  Some  suggested 
mixtures  are  as  follows: 


Southwestern 

Southeastern 

Idaho 

soil  and 

Idaho 

Good 

Dry 

sites  with 

moisture, usu- 

Usually 

Species     low 

precipita- 

ally  higher 

high 

tion 

elevations 

elevations 

(pounds/acre) 

(pounds/acre) 

(pounds/acre) 

Bulbous  bluegrass 

2 

> 

- 

Crested  wheatgrass 

3 

2 

- 

Big  bluegrass 

1 

1 

- 

Tall  oatgrass  or 

mountain  brome 

2 

4 

A 

Smooth  brome 

2 

5 

4 

Orchardgrass 

- 

1 

2 

Timothy 

- 

1 

2 

Slender  wheatgrass 

- 

- 

2 

Total 

10 

12 

U 

Planting* 

A*  Season.  Late  summer  through  late  fall  depending  on  when 
rainfall  can  be  expected. 

B.  Method.  Broadcast  in  the  ashes:  where  seed  will  not  be 
covered  by  ashes,  brush  dragging  may  help  if  disking  or 
harrowing  is  not  possible. 

C.  Depth.  One-half  to  three-fourths  inch. 
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SPECIES  USEJTO.  FOR  RANGE  RSSEEDING  IN  SOUTHERN  IDAHO 

I  Species  cited  In  the  recommendations 

Only  species  that  have  been  well  tested  and  for  which  seed  Is  com- 
mercially available  for  large-scale  range  reseedlng  have  been  Includ- 
ed In  the  recommended  mixtures.  These  species  are  described  below: 

Big  bluegrass  (Poa  ampla),  a  fast-growing  bunchgrass,  occurs  natively 
In  southern  Idaho.  It  Is  best  adapted  to  reseedlng  the  more  fertile 
soils  of  the  plains,  valleys,  and  foothills,  and  mountain  brush  zones. 
It  establishes  itself  quite  easily  and  produces  a  large  amount  of  pal- 
atable forage  and  ein  abundant  seed  crop.  It  grows  very  early  In  the 
spring  and  ordinarily  renews  growth  again  in  the  fall.  Big  bluegrass 
seedlings  are  easily  pulled  out  of  the  ground  and  stands  should  not 
be  grazed  \mtil  the  roots  become  well  established.  Seed  is  now  avail- 
able at  some  commercial  firms  but  the  price  is  still  comparatively 
high.  Because  there  are  nearly  one  million  seeds  in  a  pound,  low 
seeding  rates  are  effective. 

Bulbous  bluegrass  (Poa  bulbosa)  is  the  most  generally  successful 
species  for  seeding  the  drier  sites  on  the  plains,  valleys,  foothills, 
and  lower  mountains  of  southwestern  Idaho.  In  this  section  it  will 
slowly  but  successfully  invade  areas  now  occupied  with  cheatgrass. 
Because  the  seedlings  go  dormant  during  dry  weather  and  revive  with 
moisture,  this  species  is  able  to  produce  good  stands  without  seed 
covering.  Bulbous  bluegrass  is  a  shallow-rooted  bunchgrass  which 
grows  early  in  the  spring,  produces  seed  (bulbils),  and  dries  up 
about  the  same  time  as  cheatgrass.  Although  the  forage  is  low  in 
volume  it  is  high  in  palatability  and  is  useful  for  mixtvires  where 
early  spring  feed  is  needed.  This  species  is  valuable  for  seeding 
on  lands  too  poor  in  moisture-holding  capacity  to  support  higher 
yielding  species  and  where  seed  covering,  necessary  for  the  success 
of  other  species,  is  not  feasible. 

Mountain  brome  (Bromus  carinatus),  a  native  of  southern  Idaho,  is 
one  of  the  better  species  for  seeding  mountain  and  foothill  ranges 
where  the  soil  is  good  and  the  precipitation  is  above  15  Inches  an- 
nually. Mountain  brome  is  a  tall  bunchgrass  which  produces  a  large 
amount  of  palatable  forage.  Although  comparatively  short-lived,  it 
produces  an  abundance  of  large  seed  and  reseeds  itself  readily.  On 
adapted  sites  it  is  aggressive  and  spreads  rapidly.  Considerable 
forage  and  a  small  seed  crop  is  often  produced  the  first  growing 
season.  Seed  has  quite  recently  become  available.  Locally  grown 
seed  is  preferable. 

Smooth  brome  (Bromus  inermis)  is  hardy,  aggressive,  long-lived,  and 
forms  a  dense  sod  by  means  of  many  rootstocks.  It  is  widely  used 
for  irrigated  pastures  and  is  one  of  the  most  successful  species  for 
reseedlng  all  mountain,  foothill,  and  valley  land  where  the  soil  is 
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good  and  precipitation  is  above  18  inches  a  year.  Smooth  brome 
is  resistant  to  grazing  and  produces  a  great  abundance  of  highly 
palatable,  leafy  forage.  The  early  spring  growth  is  of  value  for 
early  grazing.  Although  coii5)arat ively  slow  to  become  established, 
good  stands  are  usually  secured. 

Tall  oatgrass  (Arrhenatherum  elatius)  has  been  one  of  the  more 
successful  species  on  valley  and  mountain  range  lands  where  annual 
precipitation  is  above  15  inches.  It  does  moderately  well  on  poor 
soils.  Good  stands  are  easily  obtained  and  when  once  established 
it  usually  reseeds  itself  readily.  Tall  oatgrass  is  a  deep-rooted 
bunchgrass  which  produces  a  great  abundance  of  palatable  forage. 
Rapid  development  and  early  spring  growth  make  it  useful  in  mixturesi 
The  light,  fluffy  husk  around  the  seed  and  the  awn  prevent  even  dis- 
tribution when  drilled  unless  the  seed  has  been  run  through  a  hammer 
mill. 

Orchardgrass  (Pactylis  glomerata)  is  readily  established  and  pro- 
duces good  stands  at  intermediate  and  high  elevations  where  the  soil 
remains  fairly  moist  during  most  of  the  summer  season.  Once  estab- 
lished it  is  capable  of  withstanding  extended  periods  of  drought. 
It  produces  excellent  stands  when  seeded  in  partial  shade  and  it 
reseeds  itself  very  readily. 

Orchardgrass  is  a  long-lived,  deep-rooted,  densely  tufted  bunchgrass 
which  is  resistant  to  grazing.  It  starts  growth  early  in  the  spring 
and  produces  a  medium  amount  of  palatable  forage. 

Timothy  (Phleum  pratense)  is  well  adapted  for  reseeding  mountain 
meadows  and  sites  where  the  soil  does  not  dry  out  for  long  periods 
dxiring  the  summer.  It  is  shade-tolerant  and  grows  well  under  aspen, 
conifers,  or  brush.  Timothy  becomes  established  quickly  and  reseeds 
itself  readily.  This  species  produces  an  abundance  of  highly  palat- 
able forage  and  will  withstand  moderate  grazing.  Seed  is  cheap  and 
as  there  are  more  than  one  million  seeds  per  pound  not  much  is 
needed  to  produce  a  good  stand. 

Crested  wheatgrass  (Agropyron  cristatum).  This  hardy,  long-lived 
deep-rooted  bxinchgrass  is  the  most  generally  successful  species  for 
eeeding  plains,  valleys,  and  slopes  of  southern  Idaho  having  low  or 
medium  rainfall.  Good  stands  have  been  produced  on  well-drained 
soils  ranging  from  clay  to  sand  at  elevations  from  2,000  to  7,000 
feet.  It  grows  very  early  in  the  spring  and  is  best  grazed  at  that 
time. 

Although  slow  to  establish  a  stand  it  produces  an  abundance  of 
moderately  palatable  forage  and  a  good  seed  crop,  even  under  adverse 
climatic  conditions. 

Jlairway  crested  wheatgrass,  a  fine-leaved  strain,  is  preferred  by 
some  growers,  but  it  is  not  superior  for  range  plantings. 


-14- 


Slender  wheatgrags  (Agropyron  trachycaulum)  is  a  deep-rooted  bvmch- 
grass  found  native  in  Idaho  under  a  wide  variety  of  soil  and  moisture 
conditions.  For  reseeding  it  is  best  adapted  to  higher  elevations 
where  the  precipitation  is  above  20  inches.  Good  palatable  stands 
are  produced  throxigh  reseeding  but  the  rate  of  maturity  is  moderately 
slow.  The  amount  and  leafiness  of  the  forage,  drought-resistance, 
winter-killing,  and  rate  of  development  vary  greatly,  depending  upon 
the  source  of  the  seed*  For  this  reason  it  is  best  to  buy  seed  which 
is  grown  under  conditions  that  approach,  as  nearly  as  possible,  the 
conditions  under  which  it  will  be  planted. 

Other  useful  and  promising  species 

Of  the  250  species  that  have  been  tested  for  range  reseeding,  many 
have  proved  useful  under  limited  conditions.  Others  promise  to  be 
widely  useful  but  have  not  been  adequately  tested.  Still  other 
species  which  are  definitely  usefvil  for  range  reseeding  await  the 
development  of  a  commercial  source  of  seed.  The  most  promising  of 
these  species  are  described  below  and  may  well  warrant  trials  by 
Individuals  interested  in  range  reseeding: 

Alfalfa  (Medlcago  satlva)  has  produced  satisfactory  stands  when 
seeded  on  the  dry  and  moderately  moist  ranges  of  southern  Idaho. 
Once  established  it  is  drought- resistant  but  its  use  for  range  re- 
seeding is  limited  by  the  fact  that  it  does  not  withstand  grazing 
well.  Being  a  legume  it  benefits  the  grass  mirture  by  adding  nitro- 
gen to  the  soil.  Seed  should  be  inoculated  before  seeding  on  range 
lands  where  alfalfa  has  not  been  previously  grown. 

White  clover  or  white  dutch  clover  (Trifolium  repens)  has  been 
found  useful  for  reseeding  mountain  lands  where  the  soil  is  rich 
and  where  the  rainfall  is  high  or  supplemental  irrigation  is  possible. 
Plants  spread  rapidly  by  stolons  and  will  withstand  heavy  grazing. 
It  is  best  used  in  a  mixture  with  grasses  and  as  there  are  three- 
quarters  of  a  million  seeds  per  pound  not  much  seed  is  needed  for  a 
good  stand. 

Idaho  fescue  (Fe-stuca  idahoensis),  a  native  bunchgrass,  should  prove 
to  be  useful  as  part  of  a  mixture  for  seeding  lands  of  medium  to  high 
rainfall.  Once  established  it  can  withstand  extended  periods  of 
drought.  Seed  is  not  available  on  the  market. 

Meadow  fescue  (Festuca  elatlor)  is  a  deep-rooted  bunchgrass  well 
suited  for  reseeding  moist,  slightly  alkaline  valley  lands  and  moist 
mountain  ranges.   It  is  fast-growing,  productive,  palatable  to  all 
classes  of  stock,  and  will  withstand  heavy  grazing  use.  It  is  best 
used  in  mixtures  with  more  aggressive,  longer  lived  species. 

Sheep  fescue  (Festuca  ovlna)  a  small,  long-lived  bunchgrass,  native 
of  Idaho,  may  be  used  for  reseeding  ranges  having  intermediate  to 
high  rainfall.  Sheep  fescue  is  rather  slow  to  become  established 
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but  good  stands  are  usually  secured.  It  is  able  to  withstand 
close  grazing.  Seed  is  expensive,  but  as  there  are  more  than  one- 
half  million  seeds  per  pound,  not  much  is  required  for  a  stand. 

Indian  ricegrass  or  sandgrase  (Oryzopsis  hymenoides) ,  a  native  of 
Idaho's  arid  regions,  is  useful  for  reseeding  the  light -textured 
or  sandy  soils  in  the  low  rainfall  areas  of  southern  Idaho.  Even 
on  the  dry  or  desert  ranges  where  it  grows,  it  provides  a  consider- 
able quantity  of  palatable  forage.  This  deep-rooted,  long-lived, 
drought -resistant  species  is  slow  to  develop  under  the  adverse 
conditions  where  it  is  most  useful.  Seed  planted  one  fall  may  ger- 
minate that  fall,  but  it  usually  germinates  in  the  fall  of  the  next 
year  or  in  the  spring  of  the  second  year.  Seed  scarified  by  acid 
or  mechanical  means  will  germinate  sooner  but  as  yet  no  large-scale 
scarification  method  has  been  developed.  Seed  is  available  at  some 
dealers  but  because  of  the  limited  supply  it  is  expensive.  Native 
stands  of  this  species  may  be  harvested  with  a  combine  and  good 
seed  obtained. 

Winter  rye  (Secale  cereale)  has  proved  valuable  for  furnishing 
quick  forage  on  many  valley  and  foothill  lands.  Rye  pastures  are 
good  sources  of  temporary  feed  but  rye  cannot  take  the  place  of  per- 
ennial plants.  Rye  is  more  drought -resistant  than  wheat  and  is 
capable  of  growing  on  dry,  poor  soils  but  is  most  useful  on  sites 
similar  to  those  used  for  dry  farming.  The  ground  should  be  pre- 
pared as  recommended  for  seeding  perennial  grasses  at  the  same  sites* 
Rye  drilled  at  25  to  35  pounds  per  acre  at  1  to  1^  inches  deep  in 
early  fall  will  usually  furnish  considerable  forage  the  following 
spring.  Since  rye  is  an  annual  and  depends  entirely  upon  seed  for 
the  continuation  of  the  stand,  it  must  be  permitted  to  make  seed 
heads  or  else  be  plant  ed  every  year.  When  rye  stands  are  allowed 
to  roseed  they  may  remain  productive  several  years,  especially  when 
disked  or  harrowed  during  the  recommended  planting  season. 

Mlchels  rye,  Michels  grass,  or  Michels  hybrid  has  much  the  same 
growth  habit  and  adaptation  as  winter  rye.  Where  seed  can  be  ob- 
tained at  a  nominal  cost  this  species  may  be  used  in  the  place  of 
rye  at  the  rate  of  20  to  25  pounds  per  acre.  Individual  plants  of 
this  form  seem  to  stool  out  more  than  rye  and  some  of  them  live  more 
than  one  year,  but  even  these  are  not  strongly  perennial. 

Yellow  sweetelover  or  yellow  blossom  sweetclover  (Melilotus  offici- 
nalis). This  tall-growing  clover  is  useftil  for  reseeding  lands  of 
medium  to  high  rainfall.  Once  established  it  grows  rapidly  and 
is  fairly  drought-resistant.  It  is  well  adapted  to  moderately  moist 
alkaline  soils.  Sweetclover  is  a  biennial,  producing  seed  in  the 
second  growing  season,  and  depends  upon  this  seed  crop  for  its  con- 
tinued existence.  When  soil  moisture  is  good  it  will  produce  volun- 
teer stands  for  several  years  but  it  does  not  reseed  itself  well  on 
packed  or  dry  soils,  especially  where  competition  with  other  species 
Is  severe.  Sweetclover  is  advantageous  in  a  grass  mixture  as  it 
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develops  early,  adds  nitrogen  to  the  soil,  and  provides  a  variety 
of  feed.  When  it  is  sown  alone  there  is  always  a  danger  of  bloat- 
ing livestock. 

White  sweetclover  Is  very  similar  but  is  coarser,  less  drought- 
resistant,  and  not  so  desirable  for  pasturage. 

Bearded  wheatgrass  (Agropyron  subsecundum)  occurs  natively  in  Idaho 
and  is  adapted  to  reseeding  ranges  of  intermediate  and  good  soil  and 
moisture  conditions.  Good  stands  are  obtained  from  reseeding  and 
plants  grow  rapidly,  often  producing  seed  the  first  year.  This  species 
is  a  deep-rooted,  long-lived  bunchgrass  which  produces  a  large  amount 
of  palatable  forage. 

Bearded  blue bunch  wheatgrass  (Agropyron  spicatum)  and  beardless  blue- 
bunch  wheatgrass  (Agropyron  inerme),  the  "little  bunchgrass"  or 
"wheatgrass"  of  settlement  days  are  similar  in  growth  requirements 
and  appearance.  These  native  species  are  adapted  to  the  low  and 
intermediate  rainfall  areas  of  southern  Idaho. 

These  grasses  are  drought-resistant,  long-lived,  and  deep-rooted. 
Although  slow  to  become  established  they  produce  considerable  forage, 
even  under  adverse  conditions.  Because  of  their  early  spring  growth 
they  are  valuable  on  spring  ranges.  Seed  may  be  secured  from  dealers 
specializing  in  seed  of  range  grasses,  but  the  price  is  still  high. 

Blues tern  or  western  wheatgrass  (Agropyron  smithii).  This  native 
grass  is  adapted  to  reseeding  fine-textured,  or  heavy  soils  in  the 
low  and  intermediate  rainfall  belts  and  is  tolerant  of  alkali.  It  is 
slow  to  become  established  and  although  good  stands  have  been  obtained, 
success  is  dependent  upon  good  moisture  during  the  seedling  stage.  A 
sparse  initial  stand  will  frequently  spread  rapidly  in  the  second  or 
later  years.  Bluestem  wheatgrass  is  drought-resistant,  long-lived, 
and  customarily  forms  an  open  sod.  It  is  very  resistant  to  grazing 
use  smd  furnishes  a  good  supply  of  moderately  palatable  feed  which 
cures  well  on  the  stem.  On  adapted  sites  it  would  do  well  in  a  miz- 
txire  with  crested  wheatgrass. 

Siberian  wheatgrass  (Agropyron  sibiricum)  is  similar  to  crested 
wheatgrass  and  appears  to  be  adapted  for  much  the  same  conditions. 
It  is  reputed  to  be  more  drought -re si stent  than  crested  wheatgrass 
but  tests  to  date  do  not  show  that  it  excels  crested  wheatgrass  in 
any  respect.  Seed  is  available  in  small  amounts. 

Stiffhair  wheatgrass  (Agropyron  trichophorum).  This  recent  intro- 
duction should  be  best  suited  for  seeding  ranges  of  low  and  inter- 
mediate rainfall.  It  is  moderately  slow  to  become  established  but 
often  produces  good  seed  the  first  year.  It  has  vigorous  rootstocks 
which  form  a  heavy  sod.  Considerable  herbage  is  produced  even  on  dry 
sites.  Seed  is  not  yet  commercially  available. 


-17- 


Tall  wheatgrasa  (Agropyron  elongatum)  is  a  large,  vigorous,  newly 
introduced  bunchgrass  which  appears  to  be  useful  for  seeding  southern 
Idaho  ranges  of  low  and  intermediate  rainfall.  It  grows  rapidly  and 
produces  a  good  seed  crop  and  a  large  amount  of  forage  which  stays 
green  late  in  the  summer.  It  is  reported  to  be  well  adapted  to  mod- 
erately alkaline  soils.  Seed  is  not  yet  commercially  available. 

Thickspike  wheatgrass  (Agropyron  dasystachyum) .  a  native  of  southern 
Idaho,  has  not  been  used  for  large-scale  reseeding.  It  is  a  very 
drought-resistant,  sod-forming  species.  Although  tests  show  that  it 
will  grow  on  areas  from  the  lowest  to  moderately  high  rainfall,  it 
will  probably  be  of  most  use  in  areas  of  low  rainfall.  Seed  is  not 
available  commercially. 

A  newly  introduced  species  of  wheatgrass  (Agropyron  intermedium) , 
appears  well  adapted  for  seeding  the  low  and  intermediate  rainfall 
areas.  It  establishes  itself  slowly  but  produces  a  large  amount  of 
palatable  forage  which  stays  green  late  in  the  summer  and  should 
help  prolong  the  grazing  season.  It  produces  good  seed  and  has  rhi- 
zomes which  form  a  heavy  sod.  Seed  is  not  yet  commercially  available. 

Blue  wildrye  (Slymus  glaucus),  a  deep-rooted  bunchgrass,  native  of 
southern  Idaho,  is  adapted  to  a  variety  of  soil  conditions  at  inter- 
mediate elevations  where  the  rainfall  is  medium  to  good.  It  will 
grow  well  \mder  trees  and  brush.  It  establishes  itself  readily, 
grows  rapidly,  and  produces  a  good  seed  crop  and  a  considerable  amoxint 
of  fairly  palatable  forage. 

Seed  is  obtainable  from  some  dealers  and  local  growers  but  is  compara- 
tively high  priced.  Awns  on  this  seed  make  it  difficult  to  drill  and 
de-awned  seed  should  be  used  for  drilling. 

Canada  wildrye  (Elymus  canadensis).  This  rapid-growing  bunchgrass, 
a  native  of  moist  sites  at  low  elevations,  has  not  been  thoroughly 
tested  but  appears  to  be  useful  for  reseeding  moderately  alkaline 
soils  and  for  mountain  lands  of  intermediate  to  high  rainfall.  It 
develops  rapidly  and  produces  an  abundance  of  seed  and  herbage. 
Good  stands  are  obtained  through  reseeding.  Seed  is  available  in 
limited  amounts  and  should  be  de-awned  before  drilling. 

Russian  wildrye  (Elymus  Junceus),  a  fast-growing,  hardy  introduced 
bunchgrass,  appears  adapted  to  some  of  the  drier  sites  at  low  and 
intermediate  elevations.  Good  stands  are  easy  to  obtain  and  plants 
mature  rapidly  and  produce  a  good  seed  crop  and  an  abundance  of  early 
spring  forage  which  is  reported  to  be  palatable  to  all  classes  of 
stock.  It  is  reported  to  be  doing  exceptionally  well  in  the  Dakotas 
and  Montana.  Seed  is  not  commercially  available. 
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SqUIPlffillT  USEFUL  FOR  A^QE  RESEEDING 


Effective  reseedlng  requires  the  use  of  effective  implements  and 
machinery*  The  efficiency  of  many  types  of  farm  and  road  machin- 
ery considered  practical  for  range  reseeding  has  been  tested. 
Those  that  have  been  found  most  useful  are: 

Disk  grain  drills  provide  one  of  the  most  efficient  methods  of 
evenly  distributing  and  covering  seed  and  should  be  used  wherever 
feasible.  On  range  lands  a  single  disk  drill  usually  cuts  through 
weeds  and  trash  and  does  a  better  planting  job  than  does  a  double 
disk  drill.  However,  on  a  prepared  seedbed,  double  disk  drills 
with  depth  regulators  are  undoubtedly  better.  On  steep  slopes  a 
small  single  disk  drill  with  outrigger  wheels  is  practical. 

Most  seed  used  for  range  seeding  will  feed  through  a  grain  drill 
if  the  box  is  but  partially  filled  and  if  an  agitator  is  used.  An 
agitator  may  be  readily  attached  to  the  grain  box  of  most  drills. 
Mixtures  containing  light  or  bearded  seed  may  frequently  clog  the 
drill  which  has  to  be  watched  and  the  clogged  seed  poked  into  the 
feed  mechanism  by  means  of  a  stick  or  wire  to  insure  feeding.  Light 
or  bearded  seed  should  be  processed  in  a  hammer  mill  to  remove  the 
hulls  or  beards.  Uniformity  and  ease  of  drilling  make  de-awned  seed 
well  worth  the  extra  cost. 

The  spacing  of  the  rows  can  be  adjusted  by  plugging  some  of  the  feed 
spouts. 

Lister  drills  (often  called  lister  or  shovel  type  deep  furrow  drills) 

plant  at  the  proper  depth  in  deep,  broad  furrows.  They  pull  harder 

than  disk  drills  but  the  furrows  are  advantageous  in  reducing  com- 
petition and  accimiulating  moisture. 

Broadcast  seeders  are  of  various  types  but  the  most  common  are  small 
"Cyclone,"  "Gaboon,"  or  "Whirlwind"  hand  seeders  and  "endgate"  seeders 
which  are  attached  to  a  wagon.  The  seed  is  thrown  out  in  a  wide 
swath  at  a  uniform  rate  by  a  rapidly  revolving  disk.  They  provide 
better  distribution  than  hand  broadcasting. 

Harrows  {spiketooth,  springtooth,  and  disk  harrows).  Spiketooth 
and  springtooth  harrows  are  useful  for  covering  seed  on  loose  soil, 
but  clog  where  weeds  are  abundant.  Disk  harrows  (often  called  disks) 
are  effective  on  hard,  rocky  soils  and  do  not  clog  where  vegetation 
Is  thick.  They  are  satisfactory  for  covering  seed  where  drilling  is 
in5)0ssible.  Heavy  disk  harrows  have  often  been  used  successfully  in 
killing  cheatgrass  or  breaking  down  sagebrush  prior  to  seeding. 
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Self-«clearlng  harrows  (log  or  pipe  harrows,  Dixie  drags)  are  use- 
ful for  removing  competition  and  covering  seed  on  land  too  brushy 
or  rocky  for  farm  harrows.  The  self-clearing  harrow  as  shown  in 
the  sketch  can  easily 
be  made  from  logs  and 
short  lengths  of  drill 
or  other  high-quality 
steel  and  short  chains 
and  swivels.  It  con- 
sists of  3  to  10  logs 
attached  by  one  end  to 
an  evener  in  such  a 
manner  that  they  are 
free  to  rotate.  Logs 
should  be  6  to  8 
inches  in  diameter 
and  8  to  12  feet  long. 
Six  to  eight  holes  are 
drilled  through  each 
log  in  a  spiral  ar- 
rangement and  lengths 
of  drill  steel  are 
forced  through  them 
to  provide  a  series 

of  radial  teeth  6  inches  long.  Four-  to  six-inch  well  casings 
filled  with  concrete  may  be  substituted  for  the  logs  for  greater 
effectiveness  and  durability. 


Rails*  A  drag  of  railroad  rails  is  effective  in  breaking  down  and 
killing  sagebrush.  Drags  may  be  constructed  according  to  several 
patterns,  depending  upon  the  material  and  facilities  available.  One 
of  the  most  successful  is  the  "A"  rail.  The  "A"  rail  is  built  like 
the  letter  "A.**  The  two  outside  rails  are  heavy,  preferably  120- 
pound  rails,  and  are  30  t&&t   long.  The  cross  member  is  coorposed  of 
two  90-pound  rails.  Two  fins  welded  to  the  bottom  of  these  cross 
rails  cut  into  the  ground  and  keep  the  rail  from  slipping  sidewise. 

Another  rail  that  has  been  successful  is  shown  in  the  acccsnpanying 
figure.  The  front  section  is  made  from  three  30-foot  lengths  of 
rail  welded  in  the  positions  as  indicated  in  the  sketch.  Each  of 
the  rear  sections  consist  of  two  15-foot  rails  welded  together  as 
shown.  Three-foot  lengths  of  1-inch  steel  rods  with  eyes  connect 
the  front  and  rear  sections  and  also  run  to  the  tractor.  One-inch 
steel  eye  bolts  connect  the  rods  to  the  rails.  On  the  front  sec- 
tion the  two  outside  eye  bolts  are  A   feet  from  the  end,  and  are  3 
feet  from  the  end  on  the  rear  sections.  The  connecting  rods  of  the 
rear  section  run  to  eye  bolts  7  feet  from  the  end  of  the  front  sec- 
tion. The  distance  from  the  tractor  to  the  front  section  is  12  feet 
and  9  feet  from  the  front  to  the  rear  sections. 
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Bail  drag 

Wheatland  plows,  also  known  as  disk  tillers,  disk  plows,  or  one-way 
disks,  are  used  for  plowing  on  dry  farms.  They  resemble  one  section 
of  a  disk  harrow  in  that  the  disks  are  all  on  one  axis,  but  are  much 
heavier  and  the  disks  are  from  20  to  26  inches  in  diameter  and  are 
spaced  from  8  to  12  inches  apart.  The  Wheatland  plow  is  useful  in 
destroying  sagebrush  or  in  turning  under  cheatgrass  or  weeds  prior 
to  seeding.  Seed  should  be  broadcast  behind  the  plow  or  to  the  side 
of  the  tractor  on  the  previously  plowed  strip  where  it  will  usually 
be  covered  by  soil  sloughing,  although  harrowing  is  a  surer  means  of 
covering  seed. 
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Plows,  both  disk  and  moldboard,  are  useful  in  turning  under  weeds, 
cheatgrass,  or  small  brush  and  loosening  compact  soils  in  prepara- 
tion for  seeding.  Disk  plows  are  better  where  brush  is  heavy  or 
where  rocks  would  damage  a  moldboard  plow.  The  usefulness  of  both 
moldboard  and  disk  plows  for  range  reseeding  is  largely  limited  to 
the  construction  of  contour  furrows  on  sloping  lands.  More  effici- 
ent machines  have  been  developed  for  soil  preparation  on  large 
tracts. 
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HAND  COLLECTION  AND  CLEANING  OF  SEED  OF  NATIVE  FQRA< 
By  A.  C.  EvOlI,  Jto,   Assistant  Forest  Ecologl 


Widespread  Interest  In  range  reseedlng  has  stimulated  the 
native  species  for  planting  range  lands.  Many  promising  s^ 
not  been  used  because  of  an  Inadequate  seed  supply.  To  help\ 
this  seed  deficiency,  machinery  (l.*^)--^  ^^   been  developed  to 
tate  collecting  and  cleaning  seed  of  scasoe  native  species.  However, 
the  terrain  and  the  nature  of  the  native  stands  of  some  western  species 
makes  hand  collection  the  only  method  of  obtaining  clean  seed  for  ex- 
perimental plantings  or  seed  production  plots.  Hand  collection  is  also 
necessary  on  small  production  plots  which  do  not  justify  the  use  of 
seed  collection  machinery. 

Many  methods  of  hand  seed  collection  have  been  tried.  Hand  stripping 
or  flailing  the  seed  directly  into  a  bucket  or  canvas  is  the  sio^lest 
but  usxially  the  least  efficient  method  available.  Combllke  hand 
strippers  have  been  successfully  used  to  gather  seed  heads  of  some 
species.  Seed  heads  have  been  cut  with  sickles,  scissors,  and  knives 
and  threshed  at  a  later  date  with  good  resxilts.  Although  sometimes 
slow,  this  last  method  saves  practically  all  the  seed. 

A  pair  of  hand  paddles  provided  with  corrugated  rubber  matting  for 
rubbing  surfaces  is  xxseful  for  collecting  small  amounts  of  clean  seed. 
The  paddles  are  made  of  1/4-lnch  plywood,  7  inches  wide  and  11^  inches 
long.  A  steel  door-pull  provides  the  handle  which  is  fastened  to  the 
back  with  countersunk,  flatheaded  stove  bolts.  Rubber  matting  is 
glued  to  the  face  of  the  plywood  and  made  seciire  around  the  edges  with 
1/2-lnch  wire  brads.  The  most  suitable  rubber  matting  has  corrugations 
spaced  1/4-lnch  apart.  A  canvas  bag  supplied  with  shoulder  straps  com- 
pletes the  device  (Fig.  1)* 

The  method  of  using  the  paddles  varies  with  the  growth  habit  of  the 
plants  and  the  thickness  of  the  stand.  Seed  of  tall-growing  species 
may  be  rubbed  loose  and  caught  in  the  canvas  bag.  For  lew -growing 


1/  Numbers  in  parenthesis  refer  to  literature  cited  p.  3. 


species,  a  light  metal  bucket  or  tub  or  a  4«  x  A»  canvas  is  substituted 
for  the  bag.  Where  the  stand  is  thick,  the  seed  heads  may  be  rubbed 
over  the  receptacle  so  that  the  seed  is  caught  directly.  In  scattered 
stands,  the  receptacle  may  be  placed  in  the  center  of  a  collection 
circle,  and  the  seed  from  individual  plants  transferred  to  it  by  hold- 
ing seed  between  the  paddles.  A  short  trial  will  soon  show  which  method 
is  best  adapted  to  each  condition  encountered.  The  most  efficient  use 
of  the  paddles,  and  whether  to  rub  parallel  or  at  right  angles  to  the 
culms,  and  the  proper  stage  of  maturity  for  successful  collection  of 
each  species  can  be  determined  by  a  few  trials.  VVhere  seed  heads  are 
long  or  of  uneven  height,  the  paddles  are  pxilled  upward  on  the  culms  as 
they  are  rubbed  together  to  loosen  the  seed.   (See  Fig.  1.) 

Seed  which  does  not  rub  out  well  while  standing  may  be  gathered  by  cut- 
ting the  seed  heads.  Where  the  seed  in  the  cut  seed  heads  is  too 
persistent  for  shaking  or  flailing,  the  heads  are  placed  on  a  large 
board  covered  with  corriigated  rubber  matting  and  threshed  by  rubbing 
with  the  paddles.  The  board  should  be  fastened  at  such  an  angle  that 
the  seed  will  fall  into  a  tub  or  other  receptacle.  A  board  18"  x  JO" 
and  an  ordinary  wash  tub  have  proved  convenient  for  this  work.  Some 
species  may  be  threshed  immediately  after  harvesting  while  others  must 
first  be  thoroughly  dried.  The  board -and -paddle  method  has  been  very 
useful  in  threshing  small  lots  of  species  such  as  Oryzopsis  hymenoides 
and  Koeleria  cristata.  Where  pods  or  seed  heads  of  species  like  Penste- 
mon  spp.,  Hedysarum  pabulare.  Astragalus  spp.,  and  Sphaeralcea  spp.  are 
stripped  by  hand,  the  seeds  are  easily  loosened  by  using  the  board  and 
paddles. 

Seed  gathered  with  the  paddles  or  threshed  with  the  board  and  paddle 
is  usually  clean  enoigh  to  plant.  Tests  have  indicated  that  the  paddles 
are  two  to  four  times  faster  than  hand  stripping  (table  1). 

Table  1.-  Amounts  of  seed  of  various  species  obtained  from  comparable 
stands  by  hand  stripping  and  by  hand  paddles. 


Hand 

stripping 

Hand 

paddles 

Species 

No.  of 

Pounds 

No.  of 

Pounds 

trials 

per  hour 

trials 

per  hour 

Agropyron  dasystachyum 

1* 

1.58 

3 

4.78 

M                 N 

1 

1.03 

- 

- 

"     trachycaulum 

1 

2.00 

1 

3.00 

Bromus  carinatus 

1 

1.80 

1 

1.90 

Festuca  idahoensis 

2 

0.43 

2 

1.46 

Elymus  triticoides 

1»* 

1.47 

1 

1.55 

Average 

1.25 

2.96 

*   Grass  cut  with  scythe  and  threshed  by  flailing  on  large  canvas. 
**  Some  heads  collected  with  comb  stripper  and  hand  threshed. 
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The   board  and  paddle  Is  useful  In  removing  awns  from  seed  lots  that 
are  too  small  for  practical  de-awnlng  in  a  hammer  mill  (2.)*  Awns  have 
been  removed  in  this  manner  from  seed  of  Stipa  comata.  Sitanion  hystrixt 
Cercocarpua  spp. ,  Cowania  stansburiana ,  Atriplex  spp» ,  Hordexan  bulbosum, 
and  similar  species* 

Another  hand  machine  which  has  not  been  fully  developed  but  which  shows 
considerable  promise  is  the  reel  collector  shown  in  figure  2.  As  the 
reel  is  turned  by  hand,  the  seed  is  knocked  loose  from  the  seed  heads 
into  the  collection  bag.  This  machine,  althotigh  wasteful  of  seed,  is 
useful  for  collecting  seed  of  tall-growing  native  species  where  power 
machinery  is  not  practical. 
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Figs*  1  and  2,  General 
Yiews  of  construction 
and  operation  of  hand 
paddles  and  canvas 
seed  collection  bag 
(above),  and  reel  col- 
lector (right). 
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GOOD  S2ED  FOR  RANGE  RESEEDING 
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and  C*  Kenneth  Pearse,  Conser7atl 


Basis  of  Seed  Quality 

Good  quality  grass  seed  is  essential  to  successful"* 
ing  of  range  lands.  Quality  of  seed  depends  prlmari^ 
ness,  purity,  and  degree  of  germination.  Genuineness  f^^fca.'  W^reedom 
from  adulteration  with  cheaper  seed.  Fortunately,  range  grass  seed  is 
seldom  adulterated,  although  errors  in  labeling,  due  to  unfamiliarity 
of  the  dealers  with  the  species,  may  occur.  Seed  purity  is  the  percent- 
age by  weight  of  uninjured  pure  seed  of  the  species  listed  on  the  label. 
In  a  purity  analysis  seed  is  separated  into  pure  seed,  other  crop  seed, 
weed  seed,  and  inert  matter  which  includes  such  things  as  broken  seed, 
chaff,  and  dirt.  Germination  is  tlie  percentage  of  the  pure  seed  that, 
under  normal  environment,  is  capable  of  developing  into  normal  plants. 

Under  ordinary  conditions  the  buyer  is  not  interested  in  either  the 
purity  or  germination  alone  but  in  the  amount  of  seed  that  will  grov/. 
The  pure,  live  seed  content,  obtained  by  multiplying  the  germination 
by  the  purity,  represents  the  real  value  of  the  seed.  Thxis  seed  with 
a  germination  of  95  percent  and  a  purity  of  96  percent  contains  91.2 
percent  pure,  live  seed;  on  the  other  hand  seed  with  a  germination  of 
57  percent  and  a  purity  of  80  percent  contains  45.6  percent  pure,  live 
seed  or  but  half  as  miich  as  the  first  lot.  If  there  are  no  other  diff^i- 
ences  the  first  lot  would  be  worth  twice  as  much  as  the  second  lot  and 
would  yield  as  many  plants  per  square  foot  if  seeded  at  half  the  rate. 

By  dividing  the  percentage  of  pure,  live  seed  into  the  cost  per  pound 
the  actxial  cost  of  a  pound  of  pure,  live  seed  can  be  obtained.  If  a 
price  of  15  cents  per  pound  is  asked  for  the  first  lot  of  seed  in  the 
above  example,  the  actual  cost  of  a  pound  of  pure  live  seed  would  be 
15  divided  by  91»2  or  approximately  1(>^   cents.  If  10  cents  per  pound 
is  asked  for  the  second  lot  the  actual  price  of  a  pound  of  pure,  live 
seed  would  be  approximately  22  cents.  When  the  germination  and  the 
purity  are  known,  the  buyer  thus  has  a  guide  for  determining  the  real 
value  of  the  seed. 


How  to  Tell  Good  Seed 

Although  all  buyers  cannot  be  experts  in  determining  seed  quality  they 
can  easily  learn  enough  to  make  intelligent  purchases.  In  buying  seed 
one  should  consider  germination,  date  of  germination  test,  purity  (in- 
cluding noxious  weed  seed  content),  seed  source,  and  age  of  seed  and 
should  inspect  seed  for  color  and  soundness.  When  piirchase  is  by  mail 
small  representative  samples  of  the  seed  in  question  can  be  secured  for 
inspection  and  testing.  Reputable  seed  dealers  can  be  relied  upon  to 
furnish  reliable  information. 

Bright  color  and  clean  appearance  indicate  good  seed.  Seed  which  is 
dirty,  moldy,  discolored,  or  musty  either  in  odor  or  appearance  should 
be  avoided  as  it  usually  Indicates  that  it  is  old  or  diseased,  has  been 
badly  stored  or  was  harvested  under  very  unfavorable  conditions.  Poorly 
filled  seed  coats  and  shrunken  or  shriveled  seed  should  be  avoided.  Seed 
coats  should  be  tested  with  a  knife,  or  pinched  between  the  teeth  or  the 
fingernails  to  make  sure  that  they  are  well-filled. 

If  germination  is  not  known  it  can  be  tested  by  most  State  Seed  Labora- 
tories or  the  buyer  can  very  easily  test  a  sample  himself.  Count  out 
four  samples  of  100  seeds  each  and  place  them  without  crowding  between 
clsfiin  moist  cloth  or  several  thicknesses  of  paper  towels  in  a  covered 
dish.  Since  some  seed  requires  light  for  geimination,  the  cover  should 
be  a  glass  sheet  or  dish.  The  dish  may  be  placed  in  a  north  window  in 
the  house  where  it  is  subject  to  indirect  light  and  to  ordinary  room 
tessera ture*  Overheating  or  direct  sunlight  should  be  avoided  in  germi- 
nation tests.  The  cloth  or  blotters  should  be  kept  moist  but  the  seed 
should  not  be  allowed  to  stand  in  water.  At  the  end  of  4  to  7  days 
(depending  upon  the  species)  all  normal  geiminated  plants  should  be  re- 
moved and  counted.  Cotmting  should  be  done  about  twice  a  week  until 
the  seeds  have  stopped  germinating.  Germination  may  continue  for  three 
to  four  weeks.  The  total  count  from  the  four  samples  of  100  seeds  each 
may  be  averaged  for  final  germination.  If  great  difference  occurs  among 
the  four  it  would  be  well  to  run  the  test  again. 

Purity  can  be  determined  accurately  only  in  a  laboratory  such  as  the 
State  Seed  Laboratory  bnt  the  buyer  can  examine  the  sample  for  the  pres* 
ence  of  weed  seeds,  broken  seed,  beards,  hulls,  straw,  chaff,  dirt,  and 
other  foreign  material.  Such  materials  not  only  affect  the  cost  per 
pound  of  pure,  live  seed,  but  may  prevent  the  seed  from  feeding  readily 
through  a  drill.  Attention  should  be  given  to  noxious  or  poisonous  weed 
seed  although  these  problems  are  not  generally  as  serious  in  grass  seed 
as  in  other  crop  seeds.  Broken  seeds,  chaff,  dirt,  or  inert  material 
is  merely  waste  but  if  weed  seed  is  present  it  may  start  a  noxious  weed 
infestation.  The  kind  of  weed  seed  present  is  more  ic^jortant  than  the 
quantity. 
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Where  the  seed  is  grown  is  also  important  since  plants  from  seed  pro- 
duced in  different  sections  of  the  country  vary  widely  in  forage  pro- 
duction and  growth  habits  and  in  their  ability  to  withstand  drought 
and  winter-killing.  Locally  grown  seed  usually  will  produce  plants 
that  are  best  adapted  to  the  particular  areas,  although  seed  grown  at 
a  considerable  distance  but  under  similar  climatic  conditions  may  be 
entirely  satisfactory. 

Seed  of  most  species  useful  for  range  reseeding  may  be  planted  the 
year  of  harvest  with  good  results.  Sometimes  a  higher  germination  is 
obtained  if  seed  is  stored  for  one  or  two  years  but  this  storage  is  of 
practical  importance  for  only  a  few  species,  notably  Indian  ricegrass 
(Qryzopsis  hymenoides).  On  the  other  hand,  seed  of  most  grasses  de- 
creases rapidly  in  geimination  after  3  to  5  years,  and  old  germination 
tests  on  seed  may  be  worthless*  Whenever  there  is  a  doubt  as  to  the 
age  or  germination  of  the  seed  a  new  test  should  be  made. 

The  value  and  purity  of  many  light,  fluffy,  awned,  or  incompletely 
threshed  seeds  can  be  greatly  impToyed.   by  running  them  through  a  hammer 
mill  and  such  processed  seeds  are  now  available  on  the  market.  Where 
these  species  are  to  be  drilled,  the  slight  additional  cost  for  de-awning 
is  more  than  made  up  for  in  ease  and  uniformity  of  drilling  and  in  having 
chaff  and  poor  seed  removed.  De-awning  does  not  impair  storage  qualities 
of  seed. 

Seed  Characteristics  and  Standards 

The  quality  of  grass  seed  varies  greatly  depending  on  the  species, 
maturity,  and  the  climatic  euid  other  conditions  during  growth  and  harvest. 
Recognized  standards  of  purity  and  germination  of  seed  of  most  range 
grasses  have  not  been  set  up.  The  information  contained  in  the  following 
discussions  is  based  on  the  best  available  sources  and  should  serve  as  a 
guide  to  seed  quality.  The  photographs  (Fig.  l)  will  be  of  value  in  iden- 
tifying the  species. 

Bluegrass,  big  (Poa  amplja).  Seed  of  this  species  is  harvested  from 
naixve  or  recently  planted  stands  in  the  northwestern  United  States.  Ss^  ** 
is  small  with  900,000  seeds  per  pound  but  should  be  bright  ana  well-filled. 
A  germination  of  80  percent  and  purity  of  85  percent  can  reasonably  be  ex- 
pected. Seed  will  retain  a  good  viability  for  approximately  5  years. 

Bluegrass,  bulbous  (Poa  bulbpsa).  This  grass  produces  bulbils  or  minia- 
ture plants  in  place  of  seed.  Bulbils  are  produced  on  the  seed  heads 
and  harvested  and  planted  as  "seed."  They  vary  considerably  in  size,  but 
average  about  480,000  per  pound.  A  purity  and  germination  of  90  percent 
can  reasonably  be  expected.  In  home  germination  tests  bulbils  may  be 
geiminated  in  the  same  manner  as  seed  but  they  require  low  temperatures, 
not  over  68°  F.,  especially  when  freshly  harvested.  Bulbous  bluegrass 
"seed"  is  produced  mainly  in  the  northwestern  United  States.  The  bulbils 
retain  a  good  viability  for  5  or  more  years. 
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Brome,  mountain  (Bromus  carinatua)  is  a  large-seeded  species  with  only 
40,000  seeds  per  poiind.  It  is  collected  from  native  stemds  throughout 
the  inteimountain  region  and  is  grown  commercially  in  the  northwestern 
United  States.  In  this  case,  the  native  seed  is  much  superior  as  the 
inq)orted  northwest  seed  produces  considerably  less  forage  and  the  plants 
are  less  hardy.  Germination  and  purity  should  both  be  $0   percent  or 
above  and  good  germination  should  be  retained  for  about  4  years  under 
reasonable  conditions.  Seed  will  drill  better  if  first  de-awned. 

Brome ,  smooth  ( Bromus  inermis ) .  Most  seed  of  this  species  comes  from 
middle  west  and  central  states  although  considerable  seed  is  now  being 
produced  in  the  northwestern  United  States.  Seed  maintains  a  good  vi- 
ability for  5  years  and  although  the  seed  appears  dark  and  rather 
fluffy  it  should  have  a  clean,  bright  color  and  should  be  well-filled. 
Purity  should  be  at  least  90  percent  and  germinations  should  be  85  per- 
cent and  in  high  quality  seed  should  be  above  95  percent.  There  are 
approximately  13 5 » 000  seeds  per  pound. 

Qatgrass,  tall  (Arrhenathervua  elatius)  seed  is  difficult  to  harvest 
and  to  sow.  Seed  of  this  species  will  not  feed  through  most  drills 
unless  it  is  first  treated  in  Si  hammer  mill.  Germination  percentage 
is  usually  above  80  percent  and  sometimes  above  90  percent  for  about 
3  years,  after  which  it  begins  to  drop  off.  Purity  should  exceed  80 
percent.  There  are  approximately  150,000  untreated  seeds  per  pound. 
Commercial  seed  is  grown  throughout  the  northern  United  States. 

Orchardgrass  (Dactylis  glome rata) .  Seed  of  this  species  should  have  a 
geiTaination  and  purity  of  90  percent  or  better.  It  rapidly  loses  its 
viability,  and  seed  older  than  3  years  should  be  tested  just  before  pur- 
chase. There  are  approximately  520,000  seeds  per  pound.  Most  commercial 
seed  is  produced  in  the  central  states  although  small  amounts  are  grown 
in  the  northwest. 

Timothy  (Phleum  pratense).  There  are  more  than  1^  million  seeds  of  this 
species  per  pound.  A  purity  of  95  percent  or  above  and  a  germination  of 
90  percent  or  above  can  be  expected.  Seed  retains  its  viability  for  6 
years  or  more.  Seed  is  produced  mostly  in  the  central  or  northeastern 
states. 

Wheatgrass,  bluebunch  (Agropyron  spicatum).  This  species  and  the  closely 
related  beardless  bluebunch  wheatgrass  (A.  inerme )  are  relatively  new  for 
reseeding  and  most  of  the  seed  is  collected  from  mixed  native  stands  or 
from  small  increase  plots  in  the  northwestern  United  States.  Purity  and 
germination  should  be  above  85  percent  and  may  exceed  90  percent.  There 
are  approximately  150,000  seeds  per  pound.  Seed  should  maintain  a  good 
viability  for  5  years.  Seed  of  bluebunch  wheatgrass  should  be  de-awned 
before  drilling. 

Wheatgrass,  bluestem  (Agropyron  smithii).  Seed  of  this  species,  which 
is  also  known  as  western  wheatgrass,  has  a  germination  and  purity  that 
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is  highly  variable.  In  high  quality  seed  both  may  average  80  percent 
or  more,  althoxigh  in  some  years  seed  has  to  be  used  which  germinates  as 
low  as  50  percent.  There  are  approximately  105,000  seeds  per  pound. 
Correctly  stored,  seed  will  retain  a  good  viability  for  4  years.  Most 
seed  is  produced  in  the  northern  Great  Plains  but  if  it  could  be  ob- 
tained, native  grown  seed  would  be  preferable. 

Wheatgrass.  crested  (Agropyron  cristatum).  Much  good  quality,  locally 
grown  seed  of  this  species  is  on  the  market*  Seed  should  be  clean  and 
bright.  A  few  seeds  with  a  greenish  cast  do  not  iii^air  its  quality. 
Seed  should  be  well  threshed  so  that  all  spikelets  are  shattered. 
Purity  and  germination  should  both  be  above  90  percent.  Under  proper 
storage  seed  may  be  expected  to  retain  a  good  viability  for  $  or  more 
years.  The  standard  strain  of  this  species  has  about  210,000  seeds 
per  pound  and  the  Fairway  strain  near  400,000  seeds  per  pound. 

Wheatgrass,  slender  (Agropyron  trachycaulum).  Seed  of  this  species  is 
produced  mostly  in  the  Great  Plains  but  plants  from  such  seed  suffer 
from  winter- killing.  Best  reseeding  results  have  come  from  planting 
seed  which  was  collected  from  native  stands  or  grown  locally.  Both 
germination  and  purity  should  exceed  90  percent.  Average  seed  retains 
its  viability  for  but  3  years  although  some  may  last  much  longer. 
There  are  approximately  160,000  seeds  per  pound. 

Wildrye,  blue  (Elymus  glaucus).  Seed  of  this  species  is  being  produced 
in  the  northwestern  United  States  and  is  just  becoming  available  on  the 
market.  Difficulty  is  experienced  in  drilling  unless  the  seed  has  been 
de-awned.  Germination  and  purity  should  be  85  percent  or  above  but 
seed  rapidly  loses  its  viability  and  seed  more  than  3  years  of  age  should 
be  tested  shortly  before  it  is  to  be  planted. 
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AN  EFFICIIM'  LIETHOD  OF  BROAD^SASTING  RANGE  Ga^^^SEEDS 
By  Joseph  H»  Robertson,  Asst^  J'orest^Ec&lQ^st 

A  new  method  of  mechanically  broadcasting  grass  seed  was  given  field 
trials  in  1943  on  range  land  in  northern  Nevada.  An  examination  of  each 
seeded  area  disclosed  moderately  uniform  distribution  of  seed.  Seeding  ■ 
by  the  new  method  is  more  rapid  and  costs  are  materially  reduced  in  com- 
parison with  hand  methods  of  broadcasting.  Although  drilling  is  a  more 
efficient  method  of  seeding,  physical  conditions  of  range  land  limit  its 
use  so  that  broadcasting  is  often  necessary. 

Desoription  of  Power  Seeder 

Mr,  B.  W.  Mabee  of  Elko,  Nevada  made  available  for  experimental  seeding 
the  numerous  types  of  power  spreaders  devised  by  the  Bureau  of  Entomology 
and  Plant  ^.uarantine  to  scatter  bait  for  poisoning  insects.  Two  of  the 
three  types  tested  on  range  reseeding  projects  were  found  suitable. 

The  most  satisfactory  type  consists  of  a  hopper  from  which  seed  falls 
through  slots,  the  size  of  which  is  adjustable,  into  a  blower  driven  by 
a  small  gasoline  motor.  The  hopper,  blower,  and  motor  are  mounted  on  an 
angle-iron  frame,  the  whole  unit  weighing  120  pounds.  'Tith  a  bladelike 
agitator  attached  to  the  end  of  the  blower  shaft  just  above  the  slot  feed, 
it  is  possible  to  control  the  j-ate  of  seed  flow  more  precisely  than  can  be 
done  with  the  conveyor-chain  type  of   feed.  In  those  tests  the  blower  type 
of  seed  distributor  scattered  seeds  more  uniformly  in  a  strong  wind  than 
did  the  rotating  disk  type. 

The  seeder  illustrated  in  figures  1  and  2  is  easily  adapted  for  use  with 
the  various  kinds  of  equipment  employed  in  eradication  of  brush  and  in  pre- 
paration of  seedbed.  It  can  be  mounted  on  a  tractor,  as  in  figure  3»  °^ 
a  tillage  implement,  or  in  a  trailer,  either  parallel  or  at  right  angles 
to  the  direction  of  travel. 

On  those  projects  where  seed  would  otherwise  be  scattered  by  hand,  this 
seeder  can  be  used  at  a  saving  in  wages  of  23  to  ^Ofi   per  acre,  depending 
upon,  the  wage  scale  and  the  acreage  covered.  With  reasonable  care  in  ad- 
justment it  will  distribute  seed  more  uniformly  and  at  a  more  constant 
rate  than  is  possible  by  hand  seeding. 
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Several  other  types  of  mechanical  bait  spreaders  might  be  adapted  for 
the  broadcasting  of  seed  under  certain  conditions*  Some  of  these  spreadei 
are  powered  from  a  wagon  wheel  or  through  the  vertically  raised  drive  shal 
of  the  rear-axle  assembly  of  an  automobile.  Five  of  these  homemade  bait 
spreaders  are  described  and  illustrated  in  Farmers'  Bulletin  No.  54-  of  th« 
Canadian  Department  of  Agriculture.  One  of  them  is  also  illustrated  in 
USDA  J^rmers»  Bulletin  No.  182  8. 

Field  Tests 

The  seeder  here  recommended  was  used  by  the  Humboldt  National  Forest  in 
connection  with  a  wheatland  plow  by  mounting  it  on  the  side  of  a  crawler- 
type  tractor  at  right  angles  to  the  direction  of  travel.  The  desired  seed 
ing  rate  of  10  pounds  per  aero  .was  easily  obtained  by  adjusting  the  slot 
openings  to  the  speed  of  the  tractor.  The  width  to  which  s^'ed  was  spread 
was  controlled  by  adjusting  the  speed  of  the  motor.  Several  6-inch  strips 
of  canvas  were  tied  to  the  end  of  the  blower  spout  to  secure  uniform  seed! 
distribution  over  the  8-foot  strip  turned  up  by  the  plow  on  the  previous 
round. 

The  sane  seeder  was  in  another  case  mounted  parallel  with  the  direction 
of  travel  on  the  rear  end  of  a  vjheel  tractor  which  pulled  a  log  harrow. 
In  order  to  increase  the  spread  of  seed  to  the  ■'J^'foot   width  of  the  harrovi 
a  galvanized  iron  "fishtail"  was  bolted  to  the  bottom  of  the  blower  spout 
and  flared  upward.  In  a  strong  wind,  when  the  spread  is  too  great  or  ir 
ular,  the  fishtail  should  be  attached  to  the  top  of  the  blovjer  spout  and 
made  to  flare  downward. 

Another  bait  spreader  with  a  rotating-disk  seed  distributor  and  slot  fee 
was  thoroughly  tested  by  the  U.  S.  Grazing  Service  in  the  Elko  Grazing  Di' 
trict  in  Nevada.  It  was  mounted  on  a  trailer  towed  behind  a  wheatland  pic 
The  comment  of  Grazier  GeraldF.  Trescartes  follows:   "One  of  the  greatest 
disadvantages. . .was  seeding  in  the  wind,  but  I  would  say  that  it  is  not  tc 
serious...  No  trouble  was  experienced  v;ith  the  feed  plugging  up,  and  we  ac 
justed  it  for  seeding  J>,A   lbs.  of  western  wheatgrass  per  acre,  which  was 
tarried  -out  uniformly  throughout  the  seeding  program."  He  mentions  the  fc 
lowing  advantages,  '■■..  .simplicity  of  design  and  construction  vjhich  gave  n( 
mechanical  trouble,  also  the  large  hopper  could  be  filled  and  practically 
forgotten*  Rough  groimd  did  not  affect  its  operation."  He  makes  several 
suggestions  for  improving  the  model,  e.g.,  increasing  the  rotating  speed 
the  disk  to  v/iden  the  spread  of  seed  and  to  counteract  wind  action. 

The  visible  feed  of  those  seeders  Is  a  distinct  advantage,  as  it  enable 
the  tractor  operator  to  see  at  a  glance  whether  the  distributor  is  func- 
tioning. Its  freer  feed  permits  the  use  of  awned  seed  and  of  seed  VJhich 
has  not  been  cleaned  thoroughly  enough  to  use  in  the  seeder  boxes  of 
drills,  wide- track  broadcast  seeders,  or  tiller  combines. V 

1/  Wheatland-type  plow  with  seeder  box  attached. 
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Cost  of  Broadcasting 

Theoretically,  range  land  can  be  seeded  broadcast  by  hand  or  hand  seeder 
for  10  to  '^Ofi   an  acre.  This  is  assuming  a  10-foot  spread  at  speeds  of  2 
to  5  m.p.h,  and  wages  at  $5»00  per  day.  Actually  costs  are  rarely  so  low 
because  of  higher  wages,  or  working  less  than  8  hours,  or  more  important, 
the  practice  of  broadcasting  from  heavy,  slow-moving  equipment. 

On  one  project  three  men  walking  with  hand  seeders  covered  100  acres  at 
a  cost  of  JiSfi   per  acre.  On  another  project  in  194^3  *wo  (fcost  ^^^   per  acre) 
men  spent  11  man«*days  in  distributing  seed  on  200  acres.  On  two  other  pro- 
jects the  full  time  of  a  man  was  used  in  broadcasting  1.5  (cost  51^  P^^:* 
acre)  and  1.6  acres  per  hour  where  brush  was  being  eradicated  with  a  wheat- 
land  plow. 

The  original  cost  of  this  power  seeder  lies  chiefly  in  the  motor  and  the  ' 
labor  required  for  construction.  The  operating  cost  is  25  to  50f^  per  day, 
and  with  proper  servicing  of  the  motor,  amortization  may  be  over  a  period 
of  10  years. 

Re  c  omme  nAa  t  i  on 

Since  these  machines  are  more  capable  than  a  man  of  broadcasting  seed  uni- 
formly, rapidly,  and  economically,  operators  contemplating  doing  large- 
scale  seeding  may  wish  to  obtain  enough  of  them  to  replace  hand  broadcast- 
ing. If  this  is  done,  it  will  release  manpower  for  such  jobs  as  mixing 
seed,  servicing  equipment,  hauling  posts,  or  fence  construction  which  are 
normally  done  in  conjunction  with  range  reseeding.  It  may  make  possible 
the  initiation  or  continuance  of  work  on  projects  where  a  crew  of  only  one 
man  is  obtainable. 
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Figure  1.     Side  view  of  the  best  adapted  type  of  motorized 

broadcast  seeder  showing  positions  of  hopper,   blower, 
and  1-horse-power  motor.      This   device  was  built  by 
the  Bureau  of  Entomology  and  Plant  Quarantine, 


Figure  2,     Interior  view  of  the  seed  hopper  showing  the  feed 
slots   and  the  top  of  the  blower  shaft  with  seed 
agitator  attached. 


Figure  3»  A  motorized  broadcast  seeder  mounted  on  the  rear 
of  a  tractor  where  it  is  operated  by  the  tractor 
driver.  This  seeding  device  was  used  in  a  demon- 
stration planting  in  cooperation  with  the  U.  S. 
Grazing  Service  near  Winnemucca,  Nevada, 
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EXPERIJ'IENT  SHO^"S  VALUE  OF  CRSSTIH:  ^'JHEA: 
SPRING  /.IID  FALL  PASTUR'.GE 
By  A.  Perry  Plumraer,  Assistant  Forest  Geologist 


It  has  been  demonstrated  that  seeding  depleted  spring-fall  ranges  in  the 
Intenaountain  region  to  crested  wheatgrass  or  rye  is  highly  profitable. 
As  the  benefits  become  recognized  livestock  men  are  anxious  to  apply 
procedures  that  contribute  not  only  to  the  improvement  of  their  i^nge 
but  also  to  the  general  well-being  of  their  enterprise.  An  experiment, 
which  consisted  of  grazing  mother  ewes  and  lambs  on  crested  v;heatgrass 
and  rye  pastures,  and  feeding  on  alfalfa  and  barley  shovifs  the  value  of 
crested  wheatgrass  and  rye  for  spring-fall  pasturage.  The  tests  were 
conducted  in  194-;5  by  the  Xntermountain  Forest  and  Range  Experiment 
Station  in  cooperation  with  Ilr.  '^^alter  Sorenson  of  Sphraira,  in  Sanpete 
County,  Utah.  The  annual  precipitation  here  is  approximately  11  inches. 

Prior  to  planting,  the  land  had  been  grov;ing  only  Russianthistle.  The 
original  sage  and  grass  cover  had  been  killed  out  by  heavy  grazing  use. 
The  soil  is  rocky,  shallow,  and  of  lov.  value  for  cultivation,  even  with 
irrigation,  llr,   Sorenson,  the  owner,  before  planting  crested  wheatgrass 
in  1940  stated: 

'♦The  land,  for  the  grazing  use  I  get  out  of  it  now,  no  more  than  returns 
the  taxes," 

The  taxes  are  approximately  6  cents  per  acre  annually. 

Thirty-six  common  Rambouillet  ewes  with  single  lambs  were  divided  into 
three  comparable  groups  of  12  v^ith  their  lambs.   On  April  23  one  group 
iwas  put  in  a  6-acre  crested  wheatgrass  pasture  drilled  in  October  1940 
at  a  rate  of  4  pounds  per  acre  along  with  a  mixture  of  other  grass  species. 
Crested  wheatgrass  now  produces  more  than  9«  percent  of  the  forage.  An- 
other group  was  put  into  an  adjacent  5»B-acre  rye  pasture  v;hich  had  been 
drilled  at  the  rate  of  about  42  pounds  per  acre  in  October  1942;  and  a 
third  group  v/as  placed  in  the  feed  lot  on  a  full  ration  of  alfalfa  hay 
and  one-half  pound  of  barley  per  ev;e  per  day.  Additional  sheep  were 
put  in  the  rye  and  crested  wheatgrass  pastures  at  intervals  during  the 
spring  grazing  period  so  that  utilization  of  the  respective  pastures 
would  be  about  v;hat  was  desired,  ''/eights  v;ere  not  kept  on  such  addi- 
;bions,  but  were  figured  when  calculating  the  sheep  days  use.  Green 


growth  of  the  crested  wheatgrass  and  rye  was  approximately  6  inches  high. 
Prom  the  stan-lpoint  of  the  inherent  productivity,  the  two  pastures  are 
very  similar c  All  ewes  had  been  on  the  winter  range  from  December  15 
to  Ikferch  23  and  were  in  poor  condition  when  brought  in  for  lambing. 

All  the  sheep  used  for  gain  comparisons  were  on  the  three  forages  from 
the  morning  of  April  2J,   to  the  morning  of  Ivfey  18,  19^3  (25  days).  On 
the  latter  date  they  were  removed  from  all  three  treatments  and  united. 
From  UlSiV   18  to  July  1  they  grazed  on  fields  and  lav  foothills  with  a 
band  of  175  head;  July  1  to  October  5  they  were  on  the  Manti  National 
Forest  in  a  band  of  1,500  ewes  and  a  similar  number  of  lambs.  They  were 
weighed  and  tagged  on  April  23  at  the  start  of  the  treatments;  weighed 
again  May  IB  at  the  end  of  the  spring  treatments;  and  again  on  October 
11,  the  end  of  the  summer  grazing  season.  The  average  weights  and  gains 
for  the  three  dates  are  shown  in  table  1, 

During  September,  October,  and  the  fore  part  of  November  the  crested 
wheatgrass  produced  3  to  4  inches  of  nutritious,  green  regrowth.  This 
pasture  was  grazed  again  from  November  24  to  December  5  (H  days)  by  21 
sheep  (ten  ewes,  ten  7-nionth  old  lambs,  and  one  buck).  No  additional 
grazing  was  obtained  from  the  rye  in  the  fall.  The  spring  and  summer 
growth  of  the  rye  was  dry  and  bleached  and  valueless  for  grazing.  New 
shoots  were  barely  emerging  from  the  faJ-len  rye  seed. 

LambWeights  and  Gains  Following  Spring  Grazing 

On  May  I8  differences  in  gains  made  between  groups  of  lambs  were  substan-  | 
tial  and  were  largely  attributable  to  the  forages.  The  lambs  on  rye 
gained  better  than  3-^/2  pounds  over  those  on  crested  wheatgrass  and 
nearly  7-1/2  pounds  more  than  those  on  the  alfalfa  hay  and  barley  ration 
(table  1). 

At  the  close  of  the  summer  grazing  season,  however,  the  gains  made  by 
the  lambs  "that  had  been  on  rye  and  crested  wheatgrass  were  nearly  the 
same i  but  lambs  on  the  two  pasture  treatments  showed  approximately  a 
6-pound  gain  over  those  that  had  been  on  alfalfa  and  barley.  Because 
of  the  wid3  variation  between  lamb  weights  within  groups  on  October  11 
it  is  not  possible  to  say  whether  this  is  a  real  difference  or  one  that 
results  from  natural  variability.  ?Jith  another  year's  data  it  will  likely 
be  possible  to  determine  whether  lambs  on  the  pasture  treatments  for  a 
month  in  the  spring  produce  such  an  indicated  gain  in  the  fall  oyer  lambs 
fed  alfalfa  hay  and  barley. 

Mother  Ewe  Weights  and  Gains  Following  Spring  Grazing 

During  the  period  of  the  tests  the  mother  ewes  on  the  crested  wheatgrass 
and  rye  show  gains  of  8  and  9  pounds  respectively  over  those  on  the  alfalfi 
and  bar3.ey«  The  small  difference  between  the  ewes  on  crested  wheatgrass 
and  rye  is  probably  largely  attributable  to  natural  differences.  That  the 
ewe  gains  on  crested  wheatgrass  and  rye  at  the  close  of  the  tests  should 
be  so  similar  whereas  the  gains  of  the  rye  lambs  over  those  on  crested 
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Table  1.     Average  weights  and  gains  in  pounds  of  lambs  and  mother 

ewes  on  crested  wheatgrass  pasture,   on  rye  pasture,   and 
on  alfalfa  hay  and  barley  from  April   2J>  to  Ifey  18. 


Crested       I 

Alfalfa 

Date 

wheatgrass  j 

Rye 

hay  dfc 

pasture 

pasture 

barley 

Lamb  Weights  and 

Gains 

Wt.  April  23,    start  of  tests 

16.60 

16.36 

15.80 

7/t.  Ifey  18,    close  of  tests 

29a20 

32.73 

24.70 

Gain  April  23  to  Fay  I8 

12.60 

16.37 

8.90 

Wt.   Oct.   11,    close  of  summer     grazing 

76.00 

76.09 

69.20 

Gain  April  23   to  Oct  11 

59.40 

59.75 

53.40 

Iv^other  Ewe  'height 3  a 

nd  Gains 

97.56 

Wt.  April  23,    start  of  tests 

96.40 

99.09 

V/t.  fey  18,    close  of  tests 

108.50 

110.45 

103.18 

Gain  April  23  to  Ivfey  I8 

12.10 

13.09 

4.09 

■' '  ■  "■  ■ "■■'1 

YJt.   Oct.   11,   close  of  summer  grazing 

133.30 

131.64 

132.54 

Gain  April  23  to  Oct.   11 

36.90 

34.28 

53.45 
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wheatgrass  should  be  so  pronounced  appears  peculiar.  The  marked  dif- 
ference, however,  in  the  larab  gains  betv^een  pastures  probably  reflects 
greater  milk-producinjg  qualities  of  the  rye.  During  the  grazing  trials 
the  rye  herbage  vjas  considerably  move   succulent  than  that  oi  the 
erected  wheatgrass.  In  another  year  with  changed  weather  conditions 
it  is  possible  that  the  reverse  may  be  true  or  that  gains  rcay  be  very 
similar. 

At  the  end.   of  the  sucmer  grazin^i  season  the  ewes  shov/  very  similar 
gains  for  all  threo?  treatments.  This  demonstrates  that  the  mature 
ev/es  can  overcome  spring  'vei.jht  d'"5f icienciea  to  a  large  extent  during 
the  summer  grazing  season  on  tht;  national  forests. 

Jail  Gra-'i'V':  on  Greeted  ''Ihgat/^'rass 

During  the  11-day  fall  grr>2ing  period  in  the  wheatgrass  pastures  the 
ewes  giined  h:;  ■j.vevcuze   of  5  pounds  per  head;  the  lambs  gained  an  aver- 
age of  4  pounds  per  herd;  ard  the  buci:  lost  1  pound.  These  gains  were 
made  despite  the  fact  that  the  sheep  -vere  in  fair  sliape  v;hen  they  - 
started  to  graze  the  crested  wheatf/ress. 

In  the  Intermountain  region  sheej;  operators  fre^uei.tly  expsrience  a 
crucial  need  for  forage  in  the  fall  as  v.'(;ll  as  in  the  spring.  Because 
of  the  quick  response  crested  wheatgrass  a;.a.ces  to  cool  temperatures  rind 
moisture,  T'^here  fall  btor::vi  do  occur  it  furnishes  rood  fall  pasturage. 
Rye  can  seldora  be  relied  on  to  iXirnish  fail  grazing;  ror  uh'jep.  Conse- 
quently, crested  wheatgrass  is  i>referable  to  ry?  where  fall  as  well  as 
spring,  forage  is  demanded. 

Grazing  Capacity  of  the  Crested  "Jheatgrass  and  Rye 

Jor  the  grazing  seasons  in  19^J>   (fall  and  spring)  approximately  I69 
sheep  days  grazing  per  acre  v;ere  taken  off  the  rye  and  14-5  sheep  days 
per  acre  off  the  crested  wheatgrass.  This  is  e.-^uivalent  to  ^.b   sheep 
months  per  acre  for  the  rye  and  4.8  for  the  created  wheatgrass.  Slightly 
less  than  one  sheep  month  per  acre  was  thus  gained  off  the  rye  over  the 
crested  wheatgrass.  The  crested  wheatgrass,  however,  was  a  young  stand 
being  grazed  for  the  first  year,  whereas  the  rye,  being  an  annual  was 
probably  producing  to  near  capacity.  As  the  crested  v'heatgrass  stand 
gets  older  the  number  of  sheep  it  will  carry  per  acre  will  likely  in- 
crease. All  the  use  v.'as  gained  off  the  r^-e  in  the  spring  v/hereas  70 
percent  of  the  use  was  taken  off  the  crested  vjheatgrass  in  the  spring 
and  30  percent  in  the  fall. 

Cost  per  Sheep  Month  to  Graze  Rye  and  Crested  '-'Jheatgrass  , 

It  cost  |2.64  and  ^2,96  per  acre  to  bring  the  rye  and  crested  v/heatgrass 
respectively  into  production.  This  includes  initial  seeding  costs  and 
taxes.  On  the  basis  of  the  1943  experic::nce  it  will  require  a  further 
annual  outlay  of  ^0  cents  per  acre  to  keep  the  rye  productive  and  6 
cents  per  acre  for  taxes,  or  a  total  of  56  cents  per  ecre.  There  should 
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he  no  expense  to  keep  the  crested  wheatgrass  productive,  but  there  will 
be  an  annual  outlay  of  6  cents  per  acre  for  taxes.  Thus,  there  is  a 
current  annual  cost  of  10  cents  per  sheep  month  for  the  rye  and  1-1/4 
cents  for  the  crested  wheatgrass. 

Let  us  assume  that  the  19^3  sheep  months  from  the  pastures  are  repre- 
sentative for  a  long-time  period  and  that  the  accumulated  sheep  months 
up  to  and  including  any  one  year  must  refund  the  initial  costs  plus 
current  charges  to  keep  the  pastures  productive;  or  for  example  the 
total  sheep  months  use  for  the  first  3  years  defrays  the  initial 
•costs  plus  the  current  year*s  costs,  and  so  on  for  succeeding  years. 
Table  2  dhows  the  coat  per  sheep  month  on  such  a  basis  for  the  first, 
fifth,  tenth,  and  tiventieth  years  compared  v/ith  feeding  alfalfa  at 
JlO.OO  per  ton  and  barley  at  $1.00  per  hundred. 

Table  2,  Cost  to  nearect  cent  for  cumulated  sheep  months  use  to  graze 
the  mother  ewes  and  yo\ing  lambs  on  crested  v/heatgrass  and 
rye  pastures  for  the  first,  fifth,  tenth,  and  twentieth 
grazing:  years  compared  with  feedinr  alfalfa  hay  and  barley. 


Cost 

per 

SI 

leep 

month 

Grazing 

Crested  ■'nhei 

*.t- 

Hye 

Alf 

alf'-i  hay 

years 

grass  pastu] 

?e 

prj.sture 

and 

barley 

first 

0.62 

0.47 

Q.45 

Fifth 

0.14 

0.1? 

0.45 

Tenth 

0.07 

0.15 

0.45 

Twentieth 

0.0^ 

-«4 

C.12 



0.45 

For  the  first  10  years'  uc-e  it  costs  7  cents  per  sheep  month  to  have 
grazed  the  crested  wheatgrass  and  15  cents  per  sht;ep  month  for  the  use 
of  the  rye,  or  a  difference  of  8  cents  per  head  In  favor  of  the  crested 
v/heatgrass.  Here,  where  4.8  sheep  months  per  acre  are  being  talcen  off 
the  crested  wheatgrass  each  year,  at  the  end  of  10  years  there  is  a 
saving  of  |3.64  per  acre  for  the  use  of  crested  v.-heatgrass  as  co^-apared 
v/ith  rye,  or  enough  saved  on  every  acre  of  crestei  vvheatf^rass  to  bring 
more  than  another  acre  of  it  into  production^ 

The  difference  of  course  between  the  cost  per  stee-p   month  for  crested 
wheatgrass  and  rye  is  hypothetical  in  that  it  is  based  on  only  this 
one  year's  experienc-3.  On  a.   mors  favorable  situation,  v;here  rye  would 
generally  reseed  itself,  tho  costs  per  sheep  month's  use  ov^r  <i   long 
period  of  tiin«  may  be  mor^  nearly  equtjl.  It  is  loubtful,  however, 
that  over  an  extended  psriod  of  time  rye  v;ould  prove  less  costly  per 
sheep  month  than  crested  '.v-heatjirass,  because  even  under  the  best  of 
conditions  rye  requires  reseeding  every  5  to  6  years.  Although  infor- 
mation from  this  one  year's  study  indicates  that  lambs  may  make  in 
spring  somewhat  better  gains  on  rye  than  crested  viheatgross,  the  fall 
grazing  that  the  crested  who-atgrass  provides  probably  more  than  equal- 
izes such  benefit.  It  is  rather  likely  also  that  in  anolhor  year  with 
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different  eliaatic  conditions  gains  of  lambs  on  the  crested  wheatgrass 
may  be  just  as  good  as  those  made  on  rye.  It  must  be  borne  in  mind 
that  these  are  obsej-'vations  taken  from  only  one  year's  experience. 

Table  2  makes  clear  that  crested  v;heatgrass  or  rye  pastures  maice  pos- 
sible a  tremendous  saving  over  feeding  alfalfa  or  other  supplements. 
The  additional  fact  that  better  gains  are  made  by  mother  &^es   s.nd 
lajnbs  on  spring  and  fall  pastures  shows  that  a  stockman  can  ill  afford 
to  permit  his  depleted,  but  potentially  productive,  spring-fall  ranges 
to  continue  in  a  state  of  lov/  productiveness.  This  preliminary  ex-  ■ 
periment  demonstrates  that  by  seeding  crested  v/heatfrass  or  rye  an 
operator  can  make  unproductive  sprin,';:-fall  range  an  important  and  prof- 
itable part  of  his  enterprise.  Rye  can  be  used  to  excellent  advantage 
to  provide  quick  pasturage,  and  at  the  same  time  provide  enough  forage 
so  ttot  other  range  planted  to  crested  wheatj'rass  can  be  protected  long 
enough  to  allov^  it  to  establish  and  start  to  produce.  Rye  stubble, 
after  the  rye  has  run  out,  may  then  be  sov.n  to  crested  v/heatf7rass» 


Information  on  the  limitations,  hov/  to  treat,  plant,  and  manage  to  get 
results  on  spring-fall  ranges  is  available  in  booklet  form  to  livestock 
operators.  By  addressing  a  card  to  the  Intej*mountain  Forest  and  Range 
Experiment  Station,  Ogden,  Utah  and  briefly  describiup  the  area  in 
question  and  making  a  request,  one  or  more  of  the  follov;ing  guides, 
which  outline  suitable  procedures  for  the  particular  situation,  may  be 
obtained  v/ithout  charge. 

1.  Increasing  Livestock  Production  and  Profits  by  Developing  Good 

Spring  Range. 

2,  Ko;v  to  Reseed  Utah  Range  Lands. 
3>.  Hoy>;  to  Reseed  Nevada  Range  Lands. 
4-,  How  to  Reseed  Idaho  Range  Lands. 
5.  Sagebrush  Burning,  Good  and  Bad. 


-6^ 


INTERMOUNTAIN  FOREST  AND  RANGE  EXPERIMENT  STATION 

Ogden,  Utah 
Reed  W.   Bailey,  Director 

Research  Paper  No,   12  ^--?-?r7=^?4.1  19^5 

INDICATORS  OF  DOWNWARD  TREND  ON  SAGEBRUSH-PERENNIAL 

BY  SHEEP  IN  THE  SPRING  AND  FALL 
By  Joseph  F.  Pechanec,   Forest  Ecolo 
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Indicators  of  dowiiward  trend  in  range  condition  are  cniiica] 
the  sound  administration  of  range  lands.  An  opportuniW  to  observe  and^^  / 
record  a  few  of  these  indicators,  and  the  sequence  in  wre^h  ^hey  becori^ 
apparent,  was  afforded  by  a  grazing  study  at  the  U.  S. 

Station,  Dubois,  Idaho.  In  this  study  four  pastures  were  ovel^stUcgeH  with 
sheep  approximately  25  to  30  percent.  These  pastures,  at  the  beginning  of 
the  study,  were  good  or  excellent  class  spring-fall  range  having  an  abun- 
dance of  perennial  weeds  and  finer  grasses.  Topography  was  level  to 
gently  rolling.  Grazing  was  typically  spring  and  fall,  with  the  same 
amount  of  use  being  made  in  either  season. 

The  first  signs  of  downward  trend  became  evident  within  3  years  after  the 
pastures  were  first  overstocked.  Listed  in  the  order  of  occurrence,  the 
indicators  noted  on  these  pastures  were  as  follows: 

1.  Decrease  in  vigor  of  palatable  perennial  weeds  and  finer  grasses. 
Tailcup  lupine,  arrowleaf  balsamroot,  royal  penstemon,  tapertip 
hawksbeard,  other  oalatable  perennial  weeds  and  such  finer  grasses 
as  bluegrasses,  junegrass,  aad  threadleaf  sedge  were  the  first  to 
show  evidence  of  too  heavy  use.  Shorter  stems,  smaller  leaves, 
fewer  flowerstalks,  and  smaller  flowers  than  on  adjacent  less 
heavily  grazed  ranges  were  the  early  signs.  Differences  in  color 
of  foliage  were  not  evident  at  this  stage, 

2.  An  increase  in  number  and  size  of  annuals  such  as  plumeweed  (bushy 
birdbeak),  stickseed,  cheatgrass,  pepperweed,  and  woolly  Indian- 
wheat  was  apparent  with  the  first  signs  of  decreased  vigor  of  per- 
ennial weeds  and  finer  bunchgrasses.  Since  the  abundance  of  annuals 
in  any  one  year  is  so  much  influenced  by  abundance  and  distribution 
of  precipitation  it  is  necessary  to  make  comparison  with  less 
heavily  grazed  ranges  to  detect  the  first  changes  a ttributable  to 
downward  trend. 

3.  Decrease  in  vigor  of  the  more  robust  perennial  bunchgrasses,  such 

as  bluebunch  wheatgrass  and  Indian  ricegrass,  as  indicated  by  shorter 
leaves  and  fewer  flowerstalks  followed  the  decrease  in  vigor  of 
palatable  perennial  weeds.  As  in  the  case  of  perennial  weeds,  the 
abundance  of  flowerstalks  and  seed  was  a  usable  indicator  only  when 
more  lightly  used  ranges  were  available  for  comparison.   In  many  years 
flowerstalks  are  normally  absent  on  spring-fall  ranges  that  are  being 
maintained  or  are  on  an  upward  trend. 


k»     Numerous  young  sagebrush  plants  became  established  in  the  openings 
between  mature  sagebrush  bushes.  In  other  locations  or  in  other 
years  these  young  plants  may  or  may  not  become  established  soon 
after  the  range  begins  to  go  downward.  In  this  case  at  the  Sheep 
Station  the  first  year  of  the  experiment  happened  to  be  a  good  year 
for  the  production  of  sagebrush  seed  and  the  second  year  a  favor- 
able one  lor  germination  and  survival  of  young  plants.  Consequently, 
the  young  plants  became  established  rather  early.  In  general  several 
seasons  are  likely  to  elapse  before  numerous  young  plants  become  es- 
tablished. A  few  young  sagebrush  plants,  less  than  1  per  100  square 
feet,  are  normal  on  most  sagebrush-perennial  grass  ranges  and  should 
not  be  regarded  as  indicative  of  downward  trend. 

5.  Death  of  portions  of  perennial  weed  and  bunchgrass  clumps.  Parts 
of  tailcup  lupine  and  royal  penstemon  clumps  died  and  bunches  of 
ricegrass  and  bluebunch  wheatgrass  split  up  as  overgrazing  was  con- 
tinued. Entire  plants  of  such  perennial  weeds  as  balsamroot  and 
tapertip  hawksbeard  and  smaller  plants  of  the  bunchgrasses  also 
died  out. 

6.  Excessive  pedestaling  of  bunchgrasses  on  slopes  or  on  less  favor- 
able  sites,  such  as  shallow  rocky  outcrops  or  south  and  southwest 
exposures  next  became  apparent.  The  rapidity  with  which  this  indi- 
cator becomes  apparent  in  other  places  depends  upon  how  subject  the 
site  is  to  wind  and  water  erosion.  If  soils  are  readily  erosible. 
or  slopes  steep,  pedestaling  may  become  apparent  earlier  than  on 
less  readily  eroded  soils. 

The  foregoing  indicators  apply  primarily  to  good  or  excellent  sagebrush- 
grass  ranges.  On  poorer  ranges  the  palatable  perennial  weeds  are  likely 
to  have  disappeared.  Consequently,  indicators  of  downward  trend  for  those 
poorer  ranges  will  hinge  largely  on  condition  of  the  bunchgrasses  and  not 
include  those  revolving  around  growth  and  reproduction  of  the  desirable 
perennial  weeds. 

These  indicators  on  steep  sloping  lands  and  less  stable  soils,  whei*e 
chances  for  erosion  are  great,  should  be  supplemented  by  indicators  of 
lack  of  soil  stability  (see  Ellison  and  Croft,  Research  Paper  No.  6). 

Weights  of  ewes  and  lambs  kept  on  these  pastures  have  so  far  failed  to 
show  that  the  range  is  being  overstocked  even  though  downward  trend  is 
clearly  visible  from  the  vegetation.  In  the  fourth  year  of  the  study 
ewes  and  lambs  in  the  overgrazed  pastures  were  still  gaining  as  much  as 
those  in  more  lightly  stocked  pastures.  How  long  it  will  be  before  the 
sheep  clearly  show  less  gains  than  those  in  more  lightly  grazed  pastures 
can  be  determined  only  by  continuing  the  experiments.  This  lag  in  response 
does  indicate,  however,  the  danger  of  basing  judgment  of  condition  of 
spring  range  on  sheep  weights.  It  shows  clearly  that  spring- fall  range 
may  begin  deterioration  several  years  before  sheep  weights  start  to  drop. 
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KIM'S  FOR  USE  OF  Tim  WmL\TIAND-TYPE  PLffl^-. 
ERADIGATIOIT  IN  COmTSCTION  WITH  RAN 


By  Jos.  K,  Robertson  and  A.  Per:yiy--Plunraier, 
Forest  Ecologists.  j;^ 

The  Wheatland  plow  is  doubtless  our  best  all  aroundX, implement  for  b^u^h 
eradication  despite  the  fact  that  no  manufacturer  has.  desigi>ed  0|i&"^eci- 
fically  for  work  in  sagebrush.  This  accounts  for  much  >f,'.Qur  .iyolible. 
There  are  differences  between  Wheatland  plcvjs  but  probably  the  differences 
between  crews  operating  them  are  more  important*  Much  of  the  trouble  stems 
from  lack  of  experiencec   '?/e  believe  that  training  and  use  of  the  follow- 
ing suggestions,  which  are  merely  the  combinud  experiences  of  many  crews, 
will  improve  our  results  xintil  real  sagebrush  plows  are  made.  We  hope 
that  much  of  the  information  contained  in  this  paper  will  also  be  helpful 
in  designing  such  a  plow. 

The  following  suggestions  are  based  in  part  on  the  experience  of  the 
authors  on  several  administrative  reseeding  projects  of  the  Forest  Service 
and  Grazing  Service — and  they  arc  meant  to  apply  to  similar  projects  whether 
on  public  or  private  lands.  The  recommendations  are  based  aliso  on  informa-' 
tion  obtained  orally  or  in  writing  from  implement  dealers  and  manufacturers, 
farm  contractors,  publications  on  agricultural  engineering,  and  foremen  of 
crews  who  have  had  experience  in  wheatland-plowing  sagebrush.  We  have  at- 
tempted tp  digest  and  summarize  information  isn  the  operation  of  18  differ- 
ent plows  of  four  makes. 

Re  commendat  i  ons 

When  the  purchase  of  a  plow  is  being  considered,  it  is  natural  to  ask 
"Which  is  best  for  brush?"  It  is  not  the  purpose  of  this  paper  to  answer 
this  question.  Opinion  is  divided,  although  on  some  features  certain  niakes 
appear  to  excel  others.  This  is  brought  out  in  table  1.  Each  "+"  sign 
indicates  that  an  operator  has  reported  the  plov;  as  strong  in  that  feature 
while  the  "-"  sign  is  used  to  indicate  a  reported  weak  feature.  Features 
that  cause  trouble  have  doubtless  attracted  more  attention  than  those  that 
are  trouble-free.  Hence,  where  no  sign  is  given  it  seems  safe  to  assume 
that  the  feature  is  satisfactory.  Most  of  those  who  reported  on  weak  and 
strong  points  of  plows  had  not  used  more  than  one  make  under  comparable 
conditions* 

Because  of  differences  in  working  conditions  and  in  crews  and  also  because 
of  too  limited  sampling,  the  data  of  table  1  do  not  show  which  make  of  plow 
Is  best.  The  data  do  suggest  that  certain  features  need  strengthening  in 
all  plowfi,. 


The  list  of  features  considered  in  trhle  I  will  be  follov/ed  as  an  outline 
in  making  suggestions  for  more  efficient  operation.  Most  of  these  features 
are  also  shown  in  figure  1. 

Effectiveness  of  brush  eradication  depends  on  proper  sotting  and  adjustment 
of  the  plovj  even  more  than  on  size  of  brush  or  condition  of  the  ground. 
Experience  has  shown  that  the  plow  should  be  set  at  an  angle  of  40°  to  43°. 
This  is  the  setting  recommended  for  hard  groiuid  or  shallow  plaving  of  faim 
land;  the  setting  that  gives  the  minimum  v;idth  of  cut  and  at  the  same  time 
the  best  kill  of  brush.  The  principle  is  illustrated  if  we  drag  a  pencil 
across  a  table  by  a  string  attached  to  the  right  of  center. 

The  adjustment  is  made  by  moving  the  line  of  pull  to  the  right  and  setting 
the  land  wheel  to  run  straight  ahead.  When  the  drawbar  adjustments  are 
right,  the  rear  end  v;ill  not  swing  away  from  the  furrow.  The  line  of  pull 
should  also  be  horizontal  so  that  there  is  no  tendency  to  raise  either 
the  front  or  back  of  the  plow.  The  plow  should  be  set  level  to  make  all 
disks  cut  the  same  depth,  which  need  not  be  over  2  inches.  As  in  hand 
grubbing,  sagebrush  is  found  to  yield  easiest  when  it  is  hit  1  to  2  inches 
below  the  ground. 

Cutting  into  hard  ground  is  really  the  job  of  a  disk  plow  which  has  disks 
with  greater  concavity  for  penetration,  Hov;evsr,  use  of  a  f\ill  set  of 
wheel  weiglits  on  each  furrow  wheel,  setting  at  the  minimum  angle  and 
mounting  a  seeder  box  or  other  vi^cights  on  the  frame  will  help  in  this 
respect.  Except  for  presence  of  rocks  it  would  be  feasible  to  get  more 
concave,  thinner  disks  and  sharpen  them  occasionally.  Smaller  disks, 
20  to  IK   inches,  will  cut  into  hard  ground  better  than  the  commonly  used 
26-inch  size  but  they  will  also  clog  oftoner  and  wear  out  bearings  faster. 
They  arc-  not  recommended  for  general  use  in  sagebrush. 

Adjustment  levers  sometimes  fail  to  give  sufficient  clearance  when  the  plow 
is  being  walked,  or  to  give  the  precise  depth  sotting  for  shallow  covering 
of  broadcast  seed.  Ordinarily  in  plo''ing.the  rachet  collars  at  the  tops 
of  the  axles  should  bo  set  in  the  lower  holes.   It  is  sometimes  necessary 
to  move  these  to  tho  upper  hole.  For  example,  a  seeder  r-latforra  built  on 
the  rear  of  the  tractor  may  foul  the  levur  set  for  shallow  plovjing.  The 
upper  hole  should  be  used  when  the  plovj  is  to  be  walked  over  obstacles. 
The  adjustment  is  easily  made. 

The  mistake  is  often  made  of  setting  the  depth  adjustment  to  plow  4-  to  8 
inches  in  striving  for  better  brush  kill  or  greater  penetration  of  hard 
spots.  Since  the  disks  must  roll  over  some  of  the  brush,  the  deep  setting 
merely  adds  to  draft,  loosens  the  seedbed  too  much,  and  covers  seed  too 
deep  on  softer  ground.  It  is  better  to  sot  the  plow  at  2  to  3  inches,  using 
what  weights  are  necessary  to  hold  it  at  that  depth  on  hard  ground. 

Draft  of  this  kind  of  plow,  when  properly  set,  is  1^  to  20  pounds  per  inch 
penetration  per  disk  in  moist,  loose  ground.  This  is  increased  as  much  as 
50  percent  in  sod  and  100  percent  in  hard,  dry  ground.  The  effect  of  sage- 
brush on  draft  is  unknown  but  evidently  is  less  than  that  of  sod.  The 
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'Table  I.     Wheatland-tj'pe  plows.     Summary  of   strong  and  vveak  points  on  18  plows 
of  four  makes. 


iVlialce   of  'PlcM 


A 


No.  of  plovjs  evaluated 


Features  Considered: 


Effectiveness  of  brush  eradication  -    +++++ 

Cutting  into  hard  ground  -— 
Adjustability  + 

Draft  +++ 


++ 

+ 


Hitch 


Strength 
Design 


Disk  Gang 


Disks 
Arbor  Shaft 


+++ 
++ 


++-♦■ 

+ 


++   »  + 


Frame 


Strength 

Clearance 

Bolts 


+++ 
+++ 
+++ 


+     -  ++ 

+ 
+  +    -  + 


Castings 

Bearings 


Steering  rods 
Poiver  Lift 
V/heel  axle 
Seeder  attachment 

Position 

Feeds 

Drive  chain 

Land  measure 


-  + 


++ 


This  summary  was  compiled  from  our  ovjn  observations  and  from  infornation 
furnished  by  these  personnel:   Grazing  Service — T,  J.  Snyder,  E.  H.  Holman, 
G,  F,  Trescartes,  W.   M.  Parsons;  Forest  Service — J.  Gardner,  R.  Hollock, 
H,  Sweetwood,  L.  Hey^Afood,  G.  Allred,  0.  Torgerson,  R.  H.  Park;  Soil  Conseva- 
tion  Service — J,  Taylor. 

\ 
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secret  of  getting  light  draft  in  plowing  brush  is  in  having  the  three 
plow  wheels  aligned  parallel  v;ith  the  tractor  trpcks.  If  the  land  ivheel 
slips  or  runs  toward  the  center,  the  line  of  pull  of  the  hitch  is  too  far 
left  on  the  frrjaa..  A  center  hitch  on  the  tractor  is  desirable.  Also 
plowing  es  shallovr  as  consistent  with  a  good  brush  kill  and  proper  seed 
covering  will  lighten  the  draft. 

The  hitch  in  soma  instances  gives  trouble  as  a  result  of  using  a  crav;ler 
tractor  with  a  plow  hitch  designed  for  wheel  tractors.  Most  of  such 
hitches  are  soon  broken  in  turning  because  they  are  a  foot  or  so  too 
short.  A  properly  designed  hitch,  if  found  to  be  too  weak,  can  l:e 
strengthened  by  welding  angle  iron  to  it,  preferably  after  the  proper 
hitch  adjustment  has  been  found  by  trial.  One  operator  suggests  extend- 
ing the  tractor  drawbar  when  the  plow  hitch  is  too  shorte  It  is  unwise 
to  use  a  plow  tongue  that  requires  the  tractor  operator  to  pay  much 
attention  to  keeping  it  free  of  the  tracks e  Too  many  other  points  need 
attention  if  a  good  job  of  seeding  is  to  result. 

Hitches  are  also  broken  by  operators  who  try  to  back  the  plow  to  get 
clear  of  brush.  These  plows  cannot  be  backed.  It  is  better  to  carry  a 
short  chain  or  cable,  unhitch,  and  pull  the  plow  off  the  "brush  pile  from 
the  rear. 

Two-plow  hitches  are  available  making  it  possible  for  a  60  hp.  or  larger 
crawler  tractor  to  accomplish  nearly  double  the  work  with  no  increase  in 
manpower.  A  2--plov/  outfit  on  level  ground  can  plow  and  seed  25  acres  in 
an  8-hour  shifts  Specifications  for  these  hitches  can  be  obtained  from 
the  U.  S,  Bureau  of  Land  l'!anager.ient ,,  Box  731,  Reno,  Nevada  c^r  by  asking 
the  International  Harvester  Co,,  180  N.  Mich.  Ave„,  Chicago  for  its  leaf- 
let on  the  two-plow  hitch  CMiJ-13-  The  make  of  the  lead  plow  determines 
certain  details  in  design  of  the  hitch. 

Disk  gangs,  though  usually  satisfactory,  are  subject  to  a  variety  of 
troubles  when  used  in  brush  and  rocks.  As  suggested  in  the  table,  the 
art;or  shaft  or  gang  bolt  is  generally  too  light.  Often  the  tightening 
nut  on  the  end  of  the  arbor  shaft  comes  loose,  allowing  a  disk  to  break 
or  lose  off,  or  spacer  washers  to  break.   To  prevent  this,  grease  the 
tightening  nut  and  washer  then  draw  tne  nut  dov/n  as  tight  as  possible. 

Breakage  of  disks  on  rocks  will  be  reduced  if  elloy  steel  disks  are 
usedr  Most  makers  furnish  these  as  special  equipment.  Larger  disks 
roll  more  freely  and  will  clear  rocks  better. 

Frame s  of  wheatland  plows  occasionally  break,  and  wheel  axles  bend,  as 
for  example,  when  a  fast  moving  front  wheel  drops  into  a  badger  hole. 
As  broken  bolts  probably  cause  more  time  loss  than  frames,  they  should 
be  replaced  with  steel  bolts  having  lock  washers.  Then  all  bolts  should 
be  inspected  or  tightened  daily,  A  plow  should  never  be  taken  out  on  a 
project  without  a  good  supply  of  spare  bolts  of  siE,es  used  in  the  frame 
and  castings.  Since  trash  bars  appear  to  catch  brush  rather  than  to 
help  keep  the  plow  clean,  they  may  as  well  be  removed  \inless  it  is  neces- 
sary to  work  wet,  heavy  soil. 
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Castings  treak  so  frequently,  especially  with  a  new  plow  on  rocky  or 
gullied  land,  that  somo  foremen  have  consid'2red  it  necessary  tc  keep  an 
acetylene  welding  outfit  and  a  supply  of  scrap  steel  on  the  project.  If 
more  than  one  plow  is  in  use  far  from  the  repair  shop,  it  is  economical 
to  make  repairs  on  the  jobr  Often  part  or  all  of  a  casting  is  lost  v/hon 
it  breaks  or  loses  a  bolt.  With  ingenuity  and  the  right  tools,  the  crew 
can  often  improvise  castings  and  save  time  while  a  new  part  is  being 
obtained. 

The  >earing  that  cuts  out  most  often  is  the  one  in  the  front  furrow  v;heel. 
The  life  of  the  bearings  can  be  lengthened  in  most  cases  by  using  more 
and  better  greasoo  A  plov;  in  steady  use  needs  greasing  twice  daily.  A 
farm  contractor  who  changed  to  a  higher  grade  grease,  ■"lubrir/lfr.te. "  re- 
, ports  no  more  bearing  tr'>ubl3p  Tho  grease  fittings  of  the  v^heol  bearings 
are  very  hard  to  reach  unless  the  wheel  stops  in  the  right  position- 
Hence,  greasing  of  the  wheels  is  best  done  before  the  tractor  is  shut 
off.  That  care  of  the  bearings  has  much,  to  do  with  their  life  is  sug- 
gested by  statements  from  different  operators.  One  operator  finds  it 
necessary  to  replace  them  after  1,000  acres,  another  after  5,000. 

As  a  further  precaution  against  excessive  wear  on  the  bearing  and  to  re- 
duce draft,  the  alignment  of  the  front  wheel  should  be  set  straight  ahead 
or  slightly  outward.  This  wheel  should  never  run  outv/ard  more  than  one 
inch.  The  practice  of  crowding  the  land  side  of  the  furrow  to  increase 
the  width  of  cut  an  inch  or  two  may  also  wear  the  front  wheel  bearing 
excessively. 

Steering  rods  of  great  strength  are  needed  in  sagebrush.  Round  iron  rods 
have  been  successfully  reinforced  by  welding  angle  iron  the  full  length 
to  prevent  bending,  Iji   iron  pipe  might  be  slipped  over  the  rod  if  more 
convenient  than  welding.  Also  caro  should  be  taken  to  avoid  right  turns 
as  they  cause  most  of  the  steering  rod  trouble. 

The  povjer  lift  occasionally  fails  through  wear  or  being  jammed  by  brush. 
Proper  tension  on  the  assister  spring  is  important.  A  more  frequent 
trouble  results  from  the  brush  catching  ar,d  breaking  tho  trip  rope  or 
tripping  the  lift.,   The  trip  lever  is  sometiiTtes  bent  by  brush*   The  only 
remedy.,  short  of  new  design,  may  be  to  weld  an  extension  on  the  trip 
leT-or  ts  hold  t.he  trip  rope  above  tho  brushy  By  proper  use  of  a  good 
lift,  an  operator  v/ho  is  alert  vjith  the  trip  rope  can  often  prevent  the 
plow  from  becoming  clogged  with  brush. 

Seeder  attachments  have  proved  very  much  worthwhile  for  broadcasting 
v;hile  plovdn:^^   In  all  instances  that  we  know  of  the  seeder  has  been 
used  as  a  broadcast  sower  by  removing  the  boots  and  seed  delivery  tubes. 
Most  crews  have  let  the  seed  scatter  from  the  seed  cups  to  mix  v>rith  tho 
soil  as  it  is  turned.  Others  have  made  galvanized  iron  troughs  for  each 
seed  cup  to  drop  the  seed  in  the  wake  of  the  disks.  One  crew  reversed 
and  reset  the  box.  Any  method  that  mixes  most  of  the  seed  v/ith  the  top 
inch  of  soil  will  be  satisfactory.  The  land  measure  feature  makes  it 
easy  to  adjust  the  rate  of  seeding.  Fluted  feeds  with  gate  adjustments 
are  most  trouble-free  for  light  grass  seeds, 

-5- 


oon^iooo*" 


'  OCiC^C)0:'y^*^ 


Seeder  drive  chains  that  are  not  protected  or  protected  only  ty  a  light 
shield  are  subject  to  breakage  by  brush.  /.  heavy  shield  should  be  made 
strong  enough  to  crowd  brush  aside  without  bending. 

The  operator's  first  step  should  be  to  obtain  and  study  the  maker's  guide 
on  its  assembling,  caro,  and  operation  of  the  plow.  It  is  important  to  do 
this  while  looking  at  the  plow.  It  is  v/ell  also  to  obtain  the  parts  list 
and  keep  it  with  this  plow. 

Following  the  manufacturer's  guide  insofar  as  it  applies  to  sagebrush 
eradication  is  essential  to  get  the  best  results. 
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SEASON,    DATE,    AND  DEPTH  OF  PLANTING  CRESTED  VfflEATGRASS- A^Tll 
OTHER  GRASSES  AT  LOWER  ELEVATIONS   IN  NORTHERN  NEyAt)A''' 

By     Joseph  H.   Robertson,    Forest  Ecologist  //^S" 

SlMvlAPY  l^ 

Fall  seeding  after  October  15  can  be  expected  to  give  better  r<»Ri)lts  than 
can  seeding  before  that  date  at  lower  elevations  for  which  adapted  grasses 
are  available,  but  where  early  fall  precipitation  is  erratic.   Under  such^^- 
conditions  and  where  snow  cover  is  intermittent,  early  spring  planting  in 
northern  Nevada  is  likely  to  be  as  good  as  any  fall  planting.   Early  fall 
and  late  spring  plantin£sare  unreliable  because  *eed  deteriorates  in  the 
ground  under  conditions  of  wetting  and  drying  that  are  unfavorable  for 
rapid  seedling  emergence  and  establishment. 

Seedling  emergence  is  influenced  by  small  variations  in  depth  of  planting. 
Crested  wheatgrass,  and  probably  most  mixtures  containing  it  as  a  base, 
should  be  planted  one-half  inch  deep  if  the  soil  is  a  loam.   Certain  other 
investigators  have  suggested  that  lighter  soils  require  deeper  planting. 
The  1-inch  depth  is  better  for  tall  oatgrass  while  bluebunch  wheatgrass 
does  equally  well  at  one-half  and  1  inch. 

To  obtain  good  stands  from  plantings  made  at  other  dates  or  depths  than 
optimum,  the  seeding  rate  must  be  increased.   These  conclusions  have  grown 
out  of  studies  conducted  at  elevations  of  4,400  to  5,200  feet  in  northern. 
Nevada  since  1939. 

The  Problem 

Experience  in  the  Intermountain  region  has  shown  that  success  in  range  re- 
seeding  usually  depends  on  soil  moisture  which  in  turn  is  closely  related 
to  elevation.   On  ascending  any  of  the  mountain  ranges  of  the  region  until 
moderate  elevations  are  passed,  an  increasing  number  of  species  is  found  to 
be  adapted  to  artificial  reseeding  and  their  establishm.ent  is  easier  than 
at  lower  levels.   There  seems  also  to  be  more  latitude  as  to  season  of 
planting  until  temperature  alters  this  rule  at  high  elevations. 

Because  fewer  species  proved  adapted  and  establishment  was  so  difficult  at 
lower  elevations,  more  detailed  studies  were  begun  in  1939  to  learn  the  best 
date  and  depth  for  seeding.   Continued  low  success  from  fall  plantings  led 
to  inclusion  of  spring  flfetes  in  the  studies  in  1942.   Elevations  from  5,200 
feet  on  the  foothills  of  the  Santa  Rosa  Mountains  down  to  4,4CC  feet  in 
Paradise  Valley,  Nevada,  all  in  the  big  sagebrush  type,  were  included  at 
that  time. 


Inasmuch' as  this  p.?.rt  of  Nevada  receives  little   or  no  effective  sumraer 
rainfall,   conditions  for   survival  of  grass  seedlings  are  most   criticed 
toward  the   end  of  the   suinmer.      For  this    reason  only  June-August  precipi- 
tation for    the  period  194-0  to  194-5  is  tabulated  here. 

Table    1.     Summer  precipitation  during   the  years  of  this    study  at  two 
stations  5  miles  apart. 

Station  Elevation  Inches  of  precipitation 

Normal       1940       1941       1942       I943       1944       1943 

Santa  Rosa 
Substation  5,200  -  1.97       5.53         .95       I.80       2.29       2.45 

Paradise  ^alley 
Ranger  Station     4,650  I.7I  .80       2*55  .41       1.49       2.02        3. 09 


From  "these  data  we  see  that   the  550-foot   increase  in  elevation  was  associ- 
ated with  a  44  percent   hi^er  rainfall,   or  .25  inch  more  per  month  during 
the   Slimmer,     It  is  well  to  note  that  half  of  "the    sai:imers  were  drier  than 
normal. 

The   Studies 

Beginning   in  1939,   100  live  seeds  of   1hree  species  were  planted  in  dupli- 
cate randomized  rcv;s  at  two  depths  each  2  weeks  from  mid-September  to  mid- 
November  for  4  years.     Rcws  were  spaced  at   12  inches.     This  is  equivalent, 
in  the  case  of  crested  wiieatgrass,    to   2  pounds  per  acre. 

Table   2.     Responses  of  three  grasses  to  the    fall  tests. 

Crested  Bluebunch  Tall 

wheatgrass       ;i\^eatgrass       oatgrass 
Av.  seedlings  in  percent   of  seed 
Av.   established  plants  in  y.  of  seedi/ 
Av.   survival  plants  in  %  of  seedlings-/ 
Total  emergence  from  best  dates/ 
Total   survival  from  best  date 
Total  emergence  from  worst  date 
Total  survival  from  worst  date 
Better  fall  planting  depth!/ 
Total  energence  from  better  depth 
Total   survival  from  better   depth 
Total   emergence  from  worst  depth 
Total   survival  from  vj-orst  depth 

_  1/  Plants  surviving  2  years  were   considered  established. 

__2/  Decimals   of   first  three  rows  rounded  off  after  computation.. 

3/  Planting  was  at  intervals   of  2  weeks,   Sept.   15  to  Nov.   15'i*&s  the  best, 
Sept.    30   the  least   favorable  average   seeding   date  for   all  species. 

4/  Two  mechanically  controlled  depths  were  tested,   1/2"  and  1". 
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320 
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169 
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The  data  indicate  that  2.3  tines  as  nuch  seed  was  needed  on  the  worst 
date  to  give  as  nany  2-year-old   crested  v/heatgrans  plants  as  obtained 
from  planting  on  the   best   date.     The  worst  depth  required  75  percent 
more   crested  xvheatgrass   seed  for  a  total   survival  equal  to  the  best  depth. 
Only  one-fourth  as  nuch  seed   is  needed  v;hen  seeding  is  done   on   the  best 
date  and    depth  combined  as  .for    the   poorest  date  and    depth  tested.      The 
importance  of   this  relationship  is   seen  vhen  it    is  considered   in  tems  of 
CO  s  t  and  stand. 

Indications  by  194-1  were  that  the   better  stands  were   fron  late  fall  seed- 
ing so  a  study  v/as  initiated   to   compare  the  October  30  and  Nover.iber  13 
planting  dates  vath  two  early  spring  dates.     The   data  for  this  part  of  the 
study  are   in  table   3*     The  earliest  planting  was  r^ade  as  scon  as   the  ground 
was  bare  of  snovir  and   slightly  dry  at  the  surface,   the    second   being  2  v;eeks 
later.     These   two  dates  v;ere  about  April  1  and  April  15  of  1942  and  1943. 
This  study  was  othei'wise   sinilar  to  that  su;nmarized  in  table   2  but  ran 
only  two  planting  years,    the    aimers  of  which  were  drier  than  average  as 
shown  in  table  1. 

Table   3«     Results  of  two  comparable   spring  and  fall  plantings  of  32 
8-foot  rows. 


Crested  Bluebunch         Tall 

wheatgrass     v;heatgrass     oatf-^'rass 

Total  viable   seeds  sown 

Total   seedlings  er.ierged 

Av«   seedlings   in  percent  of  seed 

Total   established  plants  after  2  years 

Av.   establishyd  plants   in  f..  of  seed 

Av.   established  plants  in  fo  of  seedlings 

Total  emergence  from  spring  plantings 

Total   survival  from  spring  plantings 

Total  emergence  from  fall  plantings 

Total  survival  fron  fall  plantings 


Survival  from  mid-April  plantings  was  89  percent   of    that   from  those  of 
April  1.     Results  have  been  poor  from  iiiiscellaneous  plantings  made  after 
April  15   in  this  area. 

But  what  becomes' of  seed  planted   at  the  wror^   time?     In  seeking   the  ejiswer 
to   this   question,   two  dozen  2"x2"    cheesecloth   sacks    containing   100' seeds 
each  were  buried  one-half  inch''      deep   on'tilled  land,   teilf   in  Jfey,   and 
half   in  July.     They  were  dug  up,    examined,   and    geminated   in  July.   August, 
September,   and  October.     Average  mortality   of  crested  viieatgrass  was   43 
percent;    of  bluebunch  wheatgrass   seed  49  percent.     Interrupted  gerraination 
when  the   surface  dried  too  quickly  after  storms  appearod  to   be   the  cause 
of  most  mortalitir.      Once   their  germination  v/as  ^alted.    seeds  always  refused 
to  resume   growth  in  the   laboratory <r      High  soil  temperature  was  not  an  evi- 
d^ndf,  factor  since  no  deterioration  of  seed  was   found    in  dry  soil. 
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Follovving  the  lerds  frou  the  studies  reported  above,  tests  cf  le.te  f?.ll 
and  early  spring  plantings  vjere  extended  until  78  conpariscns  vjere  avail- 
able for  an  aggregate  of  40  species.   Each  conp-rison  is  br.sed  en  paired 
plots  planted  by  the  same  method  to  the  same  lot  and  a;nount  cf  seed  late 
in  the  fall  and  early  in  the  next  spring.  These  results  are  presented  in 
table  4, 

Table  4.  Average  nuiiibers  of  plants  per  100  feet  cf  row  as  counted  in  1943. 


Date  of 

plant 

ing 

1942 

1943 

1943 

1944 

1944 

1943 

All 

years 

Fall 

Spring 

Fall 

Spring 

Fall 

Spring 

Fall 

Spring 

Grasses 

38 

32 

43 

60 

72 

100 

51 

64 

Weeds  and  brov^se 

22 

13 

37 

53 

- 

- 

29 

35 

Crested  v;hcatgrass 

25 

90 

82 

93 

62 

63 

56 

83 

Intermediate  " 

- 

- 

130 

175 

110 

112 

120 

143 

Bluebunch     " 

12 

57 

43 

66 

42 

40 

32 

54 

Blue  stem      •' 

- 

- 

20 

40 

30 

31 

23 

35 

These  results  continue  to  indicate  that  spring  planting  before  April  13 
in  northern  Nevada  and  clima.tically  similar  areas  can  be  expected  to 
give  stands  equal  to  or  better  than  those  obtained  from,  fall  plantings. 
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SEEDING  SOUTHnroi  ID^HD  R/NGE  LANDS  By/^RPL/^NE 


1  C3 
By  A.   C.   Hull,   Jr.,    and  George  Stuart 

Ra  ng  e  C  on  se  r va  t  i  on  i  st  s      \Z^^        ^^ 

Airplanes  have  frequently  been  used  in  southern  Id^ho  to  dust  croj 
spread  bait  for    crickets,    spread  fertilizer,   hunt   coy^^e^lji  pn^OE^^catter 
grass  ajid  clover  seed.     The  grass   and   clover  seedings  m*^5e-ie35«^ade   at 
different  locations,    by  different  planes,   and  by  different    individuals 
and   agencies.      They  were  not  a  part   of  a  large-scale  research  program; 
nor  were   they   designed  for  direct  comparison  vjith  one   another  in  terms  of 
cost  or   in  terms  of  methods   of   seed  distribution. 

The   seedings   reported  on  in  the   following  pages  vary  fran  a   relatively 
crude  broadcast   from  en  airplane    cockpit  made  near  AmericaA  Falls   in 
1938  to  the  highly  specialized  pellet  seeding  near  Gooding  in  194-7.     The 
others  were   done  at  Olr   in  1939,   at  Gooding,   Caldwell,   and   Preston  in 
1945,   and  at  Cow  Creek  near  tte    South  Fork  of  the    Boise  River  in  1945. 
These  do  not    form  a  complete  listing  of  airplane   seedings   in  southern 
Idaho;    they  are   simply  the   ones   on  which    data  are  available.      From  them, 
the  authors  have   attempted  to  provide  useful  infoimation,   by  pointing  ou" 
the  methods  of  seed  distribution  and   discussing  some   of  the  features  thr 
the  various  trials  have   in  ccmjnon. 

The  seven  seedings  are  described  belovj    in  order  of  the  time  at  which  + 
were   done,      Follov;ing  these   separate  descriptions,    there  is   a   short   e 
description,   a  discussion  of  factors  affecting  the    cost   of  airplane 
seeding,    and  a  discussion  of  factors  affecting  seed  distribution. 

Strip  Seeding  Near  American  Falls,  1938 

In  the   fall  of  1938,    e  320-acre   area  ncrthswest   of  American  Falls  wa; 
broadcast   seeded  in   strips  by  flying  over  it  8  times  and   emptying  b 
a  40-pound   sack  of   crested  wheatgrass    (Agmpyron  cristatum)    seed   f- 
the   cockpit   of  the  plane   on  each  trip.      Seed  fell    in  a    100-foot   sw 


1/     The  writers  are   indebted  to   the   Bureau  of  Land  M^nagemait,    f 
Conservation  Service,    the   personnel    of   the   Boise  National  F 
to  mjunerous  private   individuals  for   inf  ormrticn  regardii:ig  ? 
seeding  v/ hi ch  the  various   agencies   or  indivLdu'ls   supervif 
which   they   cooperated. 


on  each  trip  and  left  230  feet  unseeded  between  swaths.     The   seeded  area 
supported  a  thin  stand  of  sagebrush  (Artemisia  tridentata  and  A. 
tripartita)  with  an  under story  of  cheatgrass   (Bromus  tectorum)   and  Sand- 
berg  bluegrass   (Poa  secunda) .     Six  years  after  seeding  there  was  an  average 
of  approximately  one  plant  per  50   square    feet  on  the  seeded  area  in  a 
very  patchy  distribution-     The  landowner  reports  that   new  plants  have 
started  from  seed  produced  by  the  original  plants  and  that  plants  have 
increased  in  numbers  four  times  since  seeding  in  1938.     If  this   is  the 
case,   there  would  have  been  one  plant  to  200   square   feet  after  seeding, 
which  would  mean  that  about  one  seed  from  every  1,000  broadcast  developed 
into  a  plant.     The  crested  wheatgrass  plants  are  now  producing  approximate!, 
50  pounds   of  air-dry  herbage  per  acre.     Stands  of  crested  wheatgrass  on       | 
similar  land  not  far  distant   that  were  drilled  on  prepared   seedbeds 
produced  over  1,000  pounds  of  herbage  and  200  pounds   of  seed  per  acre 
during  the  th^rd  and  fourth  growing  seasons. 

Cross  Seeding  Near  Ola,  1939 

A  1,200-acre  area  near  Ola  was  broadcast  seeded  by  airplane  in  the  fall 
of  1939.     Seed  distribution  cost  50  cents  an  acre,  exclusive  of  seed. 
Seed  was  broadcast  at  the  rate  of  5  pounds  per  acre  with  4  pounds  of 
bulbous  bluegrass   (Poa  bulbosa)   and  sane  crested  wheatgrass  and  white 
sweetclover   (l.felilotus  alba).     Flying  strips  vjere  50  feet  apart  and 
control  was  by  flagmen  on  the  ground.     The   area  was   seeded  tvjice  with 
the  second   flight  at  right  angles  to  the   first.     Greased  cards  on  the 
ground  caught   the  seed  on  saii5)le  plots  and   sho'.ved  good  distribution.     The 
seeded  area  was  mostly  cheatgrass-covered  foothill  land  with   some   brush 
and  conifers.     The  bulbous  bluegrass  established  itself  veiy   slowly  but 
by  1944  there  was  a  good   stand  of  this   grass  over  most   of  the   1,200  acres. 
It  now   furnishes  excellent  early  grazing  and  is  spreading  to  adjacent 
areas.     One  reason  for  the   success  of  this   seeding  is  that  the   anall, 
eavy  bulbils  of  bulbous  bluegrass   (which  are  used  as   seed)  vj  ork  through 
'tter  to  the    soil  and   do  not   need  any  soil  covering.      On  this  area  are 
casional  plants  of  crested  wheatj^rass,  mostly  in  brush  and  places  v;here 
y  vtfere   cavered  by  natural  means. 

Strip  Seeding  of  Sagebrush  Land  Near  Cxooding,   1943 

he   fall  of  1943,   a  400-acre  area  of  burned  and  unburned  sagebrush 
1  of  Gooding  was  broadcast   seeded  in  strips  to  crested  wheatgrass  and 
■>us  bluegrass  by  airplane  at    the   rate  of  12  pounds  an   acre.     Strips 
spaced  66  feet  apart  and  ground  control  was  by   flagmen.     A  Venturi 
unnel  v;as  used  for    seed  distribution.      The  plane  flew   approximately 
t  above   the  ground  and  most  of   the   seed  fell  in  a   5-   to    20 -foot 
'.eaving  v/ide  unseeded   strips  between  swaths.     Thp   fi  rst  growing 
there  was  a  poor  to  good   stand  of  seedlings   of  both   species  on 
'ed   strips  on  both  the  unburned  and  the   burned  areas.      The   good 
seedlings  can  be  attributed  to   the  heavy  precipitation  during 
spring  of  1944  which  allowed  seed  on  the   surface  to  germinate 
-i  small  plants,     Fev/  of   the    crested  v;heatgrass   plants  and  only 
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part   of  the  bulbous   bluegrass  plants  survived   the    severe    summer  drought 
of  194.4.,      In  194-7  the  bulbous  bluegrass   bad  a    somewhat  patchy   stand  with 
practically  no  crested  wheatgrass. 

Strip   Seeding  North   of  Caldwell,   1943 

A  total  of  4-50   acres   20  miles  north  of  Caldwell  was  strip   seeded  by  air- 
plane in  less  than  5  hours  in  the  fall  of  19^3.      Seeding  was  at  the  rate 
of  8  pounds  per  acre  with  one  part  of  bulbous  bluegrass   to  two  parts  of 
crested  wheatgrass.     The  plane   flew  at   a  height   of   approximately   20  feet. 
Strips  were    spaced  66   feet  apart  and  were   controlled  by    flagmen.     A 
Venturi  windtunnel  was  used  to    scatter  the    seed  but    distribution  vjas  very 
poor.      Seed   fall  averaged   6  feet  to  the   vandward  and  28   feet  to  the 
leeward  of  the  plane,   leaving  half  of  the   area  with  no  seed  at  all.     More 
than  50  percent    of  the  seed  fell  vri:thin   the  middle  10   feet  of  the  34-foot 
seeded  swath.      Because  it  was  necessary  to  pay  only  the  plane  expenses 
and  personnel,    this   seeding  cost   11  cents  an  acre,    exclusive    of   seed. 
However,    as  only  half  the  area  VJas  covered  v;ith  seed   this   cost   would  be 
doubled  for   full  coverage.     Before    seeding,    the.-    area  had  a  fairly  open 
stand  of   tall   sagebrush  which  averaged   3  plants  per  100  square  feet. 
The  chief  understory  species  was  Sandberg  bluegrass  v.hich  produced  IO3 
pounds  of  air-dry  herbage  per  acre.      Other  grasses  yielded  a  total  of 
$4  pounds  per  acre.     After  seeding,   about  10  percent    of   the    broadcast 
area  was   rolled  v;ith  a  30-lnch  concrete-filled   culvert  with   spiked-teeth 
to  mash  down   the  brush  and  help  cover  the   seed.      The   spring    of  1944  was 
favorable    for   seedling  establishment.      On  tiie    rolled  area  a   little  less 
than  one  grass   seedling  per   square   foot  was   found  on  the    seeded  part  of 
the   strip.      On   the  unrolled  area   there  was   one  plant  per   10   square  feet 
on  the   seeded  portion.     On  both  rolled  and  unrolled  portions    the  Sand- 
berg bluegrass  was   severe   competition  for  the    young  wheatgrass    seedlings. 
An  examination  in  1947   showed  that  plants  were   patchy  in  the    rolled 
portions   and  had   survived   only   in  small  brush  piles  and  v;here   seed  might 
have   been   covered  by  soil   or  litter.      On  the   unrolled  parts,    only  an 
occasional  plant  was  found   in  openings  v;here    seed  was  probably  covered 
in  a  depression.      On  the   rolled  portion  one   seed   in  every   BOO  broadcast 
by  plane   produced  a  mature  plant,   and  on  the   unrolled  portion  only  one 
seed  in  3,000,     On  an  adjoining  area   that  was   accidentally  burned  in 
1944  and  drilled   that   fall  to  crested  wheatgrass  and  bulbous  bluegrass 
at   6  and  3  pounds  per  acre,   recpe  ctively,    there  was  one  plant  for  every 
9   seeds  drilled    (table  1), 
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Table  1.     Number  of  reseeded  plants  per  100   square  feet   from  3 

different   treatments  on  a   seeded  area  north  cf   Caldwell 

Treatment 

—  —  w—mI. 

Species 

Airplane   broadcast   v/i  th 

Airplane  broadcast 

Burned 

no  ground  treatment 

and   rolled 

drillf 

1943 

1943 

1944 

Crested  wheatgrass 

0.5 

5 

552 

Bulbous  bluegrass 

1 

1 

128 

Total  plsnts  per 

j 

100   square  feet 

1.3 

6 

680! 

Spot   Seeding  at  Preston,   1943 

Eight  hundred  acres  of  hilly  range  land  near  Preston  was  spot   seeded  by 
airplane  with   1,200  pounds   of   seed  in  the    fall   of   1943.      Seeding  was  done 
from  a  Piper  Cub  v;hich  carried   80  pounds    of    seed  per  trip   and  flew   from 
an  alfalfa   field   at   an  average  distance  of  2   miles.      Seeding   took   2^  hours 
and  plane   rental  v;as  «40.0C  or   5~l/3   cents  per  pound  of    seed.      The   seeded 
area  varied  from  bare   south  exposures   to  thick  stands  of  bigtooth  manle 
(Acer  grandidentatum)  v:ith  some  aspen  (Fonulus  tremuloides) .     With  the 
small  plane  the   pilot  v^as  able  to   got    close   to   the  ground  and  seed   the  , 

desirable    open  and   semi  open  brush  patches  and  to  skip   the  bare  south 
exposures.     The   falling  leaves   ca/ered   thu   seed  on   th^.  brush    areas  and 
gave  a  good    stand  of   reseeded   species,  which  were  mostly  crested  wheat- 
grass  and  orchardgrass   (Dactyli s  jsd omerat?j )  with  some  tall    oatgrass 
(Arrhenatherum  elatius) ,    smooth  brome    (Br emus   inermis ) ,    and   timothy 
(Pnl_eum  pra tease) . 

In  1947   counts  vjere  made   on   sam.ple  plots   of  the  .number   of  plants   of  the 
various    species   on  the  different    site  conditions   and  on  ridgetops  within 
the  seeded   area  which  had  been  drilled  to  the    same   species  at   10  pounds 
per   acre   2  years   before   the   airplane  broadcasting    (table    2).      At   the 
ti.me  of  drilling  these   ridgetops   supported  a  sparse   cover  of   sagebrush 
with  an  understory  of  annuel  weeds  and  many  sagebrush  seedlings.      In 
making  co'ants,   the  large   bare   south   exposures  vxhich  v/ere  undoubtedly 
missed   in  seeding  were  not   sampled.      /'■Ithough  there   i  s  no  accurate 
record  of  the   area  seeded   or  the    rate  of   seeding  on  eny  given  area,    the 
relatii;-e   success   of  the    species   shoves   the  adaptability  of  the  various    ■ 
sita  conditions   for  airplane    seediig.      Best    results  vjere   from  drilling, 
c^nd   from  airplane   broadcasting   in  aspen,   maple,    sagebioish,   and  cheatgrass 
in  the  order  named.     North  exposures  produced   better    stands  than  did 
south   exposures. 
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Table   2.     Average   nur^ber  of  reseeded  grass  plants  per  100   square   feet 
on  the  various  sites  of  the    airplcjie   seeding  g:nd  on  a 
drilling  near  Preston 


Sites 

and  vegetation  be  for 

e 

Rid 

getops  drilled 

broadcast. 

mg  in 

1945 

Sag 

in  1941 

Species 

South 

exposures 

North  exposures 

Cheat- 

• : Sage- 

; Ivlaple 

Sage-; 

^laple 

Aspen 

ebrush  and 

grass 

-brush 

brush' 

ann 

aal  weeds 

Crested  wheatgrasa 

■  0,1 

;    0.6 

:   3.^ 

1.0   . 

3.2 

2.8 

64.4 

Orchardgrass 

0 

:       0.1 

;  ^-^ 

1.2 

18.6 

35.6 

8.7 

Tall  oatgrass 

0 

\      0.1 

i  0 

2.0 

0.2 

0 

0.4 

Smooth  brome 

0 

;  ° 

i  :),2 

0 

0 

3.2 

0.3 

Timothy 

0 

:    0 

:      0.3 

0 

0.2 

14.0 

0 

Total  plants  per 

100  sq.    ft. 

0.1 

;  0,8 

;  7.1 

4.2 

22.2 

53.6 

73.8 

Controlled  Seeding  of  a  Burned  Area   on   the   Boise  River,    1943 

In  the    summer  of  1943  a  16,000-acre    burn  occurred  on  the   South  Fork  of  the 
Boise  River,      That  fall  it  was  seeded  to  produce    forage  for    livestock  and  to 
prevent  erosion  and   siltation  in   the  Arrowrock  Reservoir.     Befcre  burning, 
vegetation  varied   from  thin  stands  of   brush  and   cheatgrass   on  south-facing 
slopes   to  heavy  stands  of  brush  and  f  spen  on  north-facing    slopes.     After 
burning  and  before    seeding,   the    area  vjas   classified   into   the  four    following 
kinds  of   si  te; 

Site   1   -  South  and  west   slopes  wi  th   a   thin  stand  of    sagebrush  and 

cheatgrass  before  burning;    poor,    thin   soil;   no  ashes   left. 

Site  2   -  Flats   and   similar  areas  with    a  nedium  to  good   cover   of   sage- 
brush and  other  vegetation;   poor   to  fair   soil;    thin  ashes 
after  burning. 

Site    3  -  Mostly  east  and  north    slopes  v;ith  heavy  stands   of  sagebrush 
and  mountain  brush   species;  good   soil;    fair  cover   of  ashes. 

Site  4  -   Steeper  north  and   east   slopes  with   aspen  ard   heavy  stands 
of  mountain  brush  species;  excellent    soil;  deep   ashes. 

following  the  above   classification,    about   three-fifths   of  the  l6,000   acres 
Tell   into   site  2.      Site  1  accounted    for  about    one-fifth  pnd  sites   3  and  4 
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together  for  about  one-fifth  of  the  area.     The  oitire  16,000  pcros  was 
broadcast  seeded  by  airplrne.     All  areas  which  v/ere  level  enough  were 
drilled,   and  sites  3   end  4  which  had  enough  ashes  to  cover  the   seed 
and  the   creek  bottcras  in  site  2  v/erc  hand  bror-dcrst  over   the   airplane    • 
broadcast.     The  acreage   sovjn  by  each  of  the  methods,  the   cost  per  acre, 
and  amount   of  seed  sov.-n  are   shown  in  table   3.       Planes  used  for  the 
seeding  were  an  L-5,   a  Travel?^ir,   and  a  Ford  Trimotor.     Two  types  of 
Venturi  wind  tunnels  were  used  and  one  of  thorn  was  modified  several  times 
in  an  atteirpt  to  get  maximum  width  and  uniformity   of   seed  distribution* 
Neither  wind  tunnel  gave  a   uniform  spread  of  seed   over  e   v/ide   sv;ath. 
Several  tests  Y;ere  made  on  seed  distribution  from  various  heights  of 
flight   and  different  v.'ind  velocities,   as  shown  in  table   4.      Because  of 
steep   topography  the  pilot   could  not  get   close  enough  to  the  ground   to 
make   the   seed  fall  mthin  flagged  lines..    The  required  amount   of  seed  | 

was  therefore   broadcast   into  each  drainage    or  topographic  area   by  means 
of  cross   flying  the  drainage   in   different    di  rections  with  ground  chocks. 

During   the  first  summer  an  excellent  stand  of  grass  was  obtained  on  the 
drilled  plots  and   seme  of  the    crost'::d  wheatgrass  produced  seed.      Stands 
from  airplane   broadcasting  were  good  only  where  ashes  were  deep  enough 
to   cover  the    seed  and  on  steep    slopes  where    soil   sloughing  had   covered 
the    seed.      During  the    second  growing  season  plant  counts  were  m-^de   on  all 
four   sites  and  for  all  methods  of   seeding  at   several  locations    and 
estimates  vjere  made  of  rverage  herbage  production  (table    5).      Drilling 
gave  the  best   results  and  seed   covering  by  deep  ashes  was  next,   althoug;h 
it  was  only  one- fifth  to  one-half   as  good  as   drilling.      In  many  cases 
the  abundant   brush  sprouts   or  the   deep  ash  areas   crajded  out  the  grass 
seedlings.      Where  this  did  not    occur  stands  w  ere  excellent.      Broadcasting 
on  burned  areas  mth  light    or  no  ashes  gave  poor  results.     'Vhen  crested 
wheatgrass  and  smooth  brome  only  are  considered,   the   difference  in 
stands   resulting  from  seed  covering  by  drilling,  deep   ashes,   and  no  seed 
covering   is  striking. 

Pellet  Seeding  of  p  Large   Burn  Near  Gooding,    194-7 

In  the   fall   and  winter  of  1947   a  2$  ,000-acro   burn  north  of  Gooding  was 
broadcast   seeded  by  airplane  with  seed  enclosed  in  pellets.      This  wf>s 
an  experimental   tost   seeding  of  pellets  by  airplrne    and  because    of  the 
unique    seeding  method   it  v/as  given  much   publicity.     Newspaper  reports 
and   conversations  with  representatives  of  tte    company  having  the    seeding 
contract   are  the   basis  for   the    data  on  this   seeding.      Seeding  vj as   at  the 
rate  of   43  pounds  of  pellets  per   acre  which  contained  1^  pounds  of  i 

crested  wheatgrass  and  ^  pound  of   yellow   sweetclover   (Afelilotus   officinalii 
and  a  small   amount   of  fertilizer.      There  were   five    seeds   of   crested 
v/hoatgrass  in  a  3/8-inch  pellet   and  five    seeds  of    yellow  sweetclover   in 
a  l/4--inch  pellet .     Pellets  v;ere  made  frcm  soil  right  on  the    area.     A 
landint'=;  field  was   constructed  on  the   seeded   area  to  save   unnecessary 
flight    to  and  from  an  airport.      Four    planes  did  the   seeding  with   each 
plane  carrying  about   8OO  pounds  of  pellets  per  trip.      Flying  height  was 
about    500   feet.     Planes  v>/ere   guided  by  ground   flagmen  and  flew  over 
strips    spaced   66  feet   apart.     Pellets  were  dropped   into  a  Venturi  wind 
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Table  3.     Acres  sown,    cost,   and  seed  mixturGS  for    three  methods  of 
seeding  on  the   South  Fork  burn 


Ai  ip  1p.  ne 
broadc&sting 

Handi/ 

broedcp.sting 

Drilling 

Acres  sown  by  each  method 

16,200 

2,200 

1,000 

Cost  of   seeding  per  acre    (dollars) 

II.6I 

11.52 

sfr5.41 

Seed  sown   (pounds  per   acre) 
Crested  v;heatgrass 
Bulbous  bluegrass 
Smooth  brome 

1 
6 

1 

• 

5 

4 
1 

6 

1 
1 

Total 

8     • 

8 

8 

1/     Seeding  rate   for  hrnd  broadcasting    is   doable  that    shown  as   those 
areas  were   also   seeded   by  airplane. 


NOTE ;      Costs   are  for    19^5   ^^nd   include:      mixing,   hauling,   and  loading 
seed;    idle   labor  when  werther  made    flying  or   drilling   impossible; 
construction   and  mounting   of  seed  hoppers   and  Venturi    flumes;    and 
maintenance   of   th.e   L-5  airplane. 
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Table  4. 

Data  on  airplane  seeding  tests  showing  wind,  height  of 

flight, 

seed  drift 

and  distribution. 

?nd  seeds  per  square  foot 

Location 

■Vind 
veloci  ty 

Flying 
height 

Width  of 
swath 

Sprerd  to 
leewRrdi/ 

Type  of 
seed   distri- 

Average 
seeds  pej 

m.p  .h. 
(approx. ) 

(feet) 

covered 
(feet) 

(feet) 

bution 
in  swath 

square 
foot£/ 

5 

200 

90 

110 

Frdr 

""1 

13.0 

Dixie  Airport 

5 

200 

150 

150 

Good 

Dixie  Aiiport 

10 

200 

310 

280 

Fair 

7.0 

Near  Boise 

10 

200 

3/30 

3/125 

Fair 

29.5 

Near  Boise 

10 

200 

3/50 

3/75 

Good 

30.5 

Near  Boise 

10 

700 

(4/) 

d/} 

(4/) 

(4/)       i 

Boise  Airport 

5 

500 

75 

71 

Fair 

41.2     ,j 

Boise  Airport 

10 

500 

(3/) 

3/125 

1  seed 

'! 

Near  Dixie 

10 

500 

i/400 

1/400 

Good 

4,6   J 

Near  Dixie 

15 

1/500 

^900 

1/1500 

Fair 

7.5   1 

Caldwell 

15 

20 

34 

28 

Poor 

178.0    1 

1/     In  some   cas 
the  distanc 

es  all   seed 
e   to  the  le 

fell   t 
evi/ard  i 

0  the   leew 
s  of  ten  gr 

ard   of  the  . 
eater  t  han 

1 

Line   of   flight  so  that 
the  total  width  of  swath 

2/     This  (x>lumn 
were  to   che 
flying  heig 

is  not   corr 
ck  rate  of 
hts,      Figur 

parable 
seeding 
■es  mere 

to  rate  0 
J    seed  dis 
ly   shov;   va 

f    seeding  as  many  of  these  tests    ' 
tribution,    and  spread  at  different,, 
riations   v/hichwere  encountered.     | 

3/     Plots  not    f 
probably  we 

ar  enough  t 
nt  x"urther. 

0  windw 

ard  or  lee 

v/ard  to  catc 

^h  all   seed.      Seed            J 

V     Seed   fell   b 

eyond  last 

plots  wl 

lich  were 

123   feet  to 

leeward. 

1 

V     Tv/o    flights 

-   200    feet 

apart. 
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Table  5.     Reseeded  grass  plants  per  100    square  feet  from  each   of  the 
four   sites  and  from  three  different    seec'  ing;   treatments  and 
estimated  herho.ge  prcduction  on  a   1.-^43  burn  on  the    South 
Fork   of   the   Boise  River 


Plants  per  100  souare  fee 

t 

Herbage  pro- 

Treatment and  species! 

Site  1  : 

Site  2  ; 

Site  3  : 

Site  4  i 

Average  i 

duction^' 

1/   ^ 

y  '. 

y  \ 

V   : 

(lbs. per  a.) 

Airplane  broadcast 

Crested  vjheatgrass 

2 

3   ^ 

7 

- 

5 

Bulbous  bluegrass 

26 

30 

87 

- 

34 

anooth  brome 

0 

0 

0 

- 

0 

"W 

33 

94 

« 

39 

50 

3/ 

Hand  broadcast 

Crested  v^heatgrass 

- 

33 

60 

33 

42 

Bulbous  bluegrass 

- 

83 

175 

82 

113 

Smooth  brome 

. 

0 

1 

8 

3 

Total 

- 

116 

236 

123 

15F 

300 

Drilling 

Crested  wheatgrass 

\  133 

268 

•  327 

;  420 

288 

Bulbous  bluegrass 

:  233 

.,   230 

i  190 

:  233 

:  222 

Smooth  brome 

2 

:    10 

^   30 

:   70 

:  27 

Total 

\  370 

\      308 

:  347 

■     723 

:537 

1,200 

1/     Site   1  -  Thin  sagebrush  or   cheatgrass;   poor   soil;    no  ash. 

Site  2    -  Fair  to  good   sagebrusli;    poor  to  fair  soil;  poor  ash. 

Site   3  -  Heavy  sagebrush  and  fair  mountain  brush;   good  soil;    fair  ash. 

Site  4   -  Heavj^  mountain  bi^ish  and  trees;   excellent    soil;    good  ash. 

2/     Estimated  average  production   for  all    sites  in  pounds  of  air-dry 
herbage  per  acre  of  the   2-year-old  stands. 

3/     The   hand  broadcast   areas  were  also  broadcast  seeded  by   airplane, 
w       Not  seeded. 
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tunnel  where  they  were   spread  by   the  air-blast    of  the  propeller.     There 
was  concentration  of  pellets   in  the  middle  of   the   swath  but  because   of 
overlap  of  the    swaths,  distribution  was  fairly  uniform.     The   contract   cost 
of  the   seeding  is   $1.75  per  acre  for  the    planes  and  the  pellets,  with 
seed  and  fertilizer  being  extra.     Data  on  seedling  growth  and  stand 
establishment  from  this   seeding  are  not    yet  available. 

SUIvMAIlIZED  DESCRIPTION 

A  tabulated  description  of  seven  seedings   in  Idaho  made  by  means  of 
airplanes,  together  with  a  note  of  forage  stands   obtained,  is  presented 
in  table  6.     The  details  have  been  given    in  the  preceding  pages. 

This  table  reveals  that,  as  a  v;hole,  the  forage  stands  obtained  are  mostlj 
unsatisfactory.  Only  the  Ola  seeding  yielded  stands  that  were  called 
"gocd"  and  none  v;ere  "excellent"  stands.  Of  the  10  reports  (Ccw  Creek 
is  reported  in  four  divisions)  on  stands,  3  are  veiy  poor,  2  poor,  3  fair^ 
1  good,  and  1  too  recent   for  any  data. 

Airplane   seeding   can  be  expected  to   succeed  only  where  haad  broadcasting 
would  succeed.     So  far  seeding  in  ashes  has  shown  sane  promise.     Seeding 
in  open  brush   or  aspen  vjhere   falling  leaves   cover  t  hs    seed  seems  to 
assure  good  stands  at  least  in  many   cases.      Bulbous   blue  grass  has  given 
fair  to  good  stands  from  broadcasting   in  many  cases,  but    is  a    satisfactory 
forage  for  the  Intermountain  region   only  in  parts  of   southwestern  Idaho. 

GE?IER\L  CONCLUSIONS 

Seed  dropped  from  aiiplanes  is  not  endowed  with  magic  powers  which  will 
enable  it  to  germinate  on  top  of  dry  ground  and  produce  a  strong  plant. 
In  general,  all  seed  needs  to  be  covered  to  a  shallow,  uniform  depth 
before  successful  stands  of  grass  can  be  expected.  Where  the  seedbed  is 
such  that  covering  can  be  provided  by  natural  means  (soil,  deep  ashes, 
or  leaf  fall)  on  large  areas  and  airplanes  are  able  to  scatter  seed 
efficiently  and  cheaply,  they  will  be  foiand  useful  in  seedirg  range  lands. 
Rapidity  of  seed  distribution  is,  of  course,  the  greatest  single  factor  I 
in  favor  of    the    use  of  airplanes.  I 

Seeding  of  range  lands  by  airplane  is  still  in  its  exploratory  stages,  \ 
and  there  will  undoubtedly  be  m^ny  improvements  in  methods  and  techniques^| 
It  is  not  possible  at  this  time  to  provide  final  infoimation  as  to  the 
feasibility  of  airplane  seeding  on  any  given  area.  When  an  area  is  judged 
adaptable  to  broadcast  seeding,  airplane  seeding  should  still  be  co.npared 
in  cost  and  effectiveness  with  other  methods  of  broadcasting.  Some  of  the 
factors  vvhich  should  be  considered  aro  discussed  in  the  paragraphs  that 
follow. 

Factors  Affecting  Cost  of  Ajipiane   Seeding 

Cost  of  seeding  is  one  of  the   first   considerations.     Cost  of  airplane 
seeding  is  usually  associated  directly  wife  the  distance  from  airports  and 
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Table   6.     Tabulated  description   of  seven  airplane   see  dings   in 

southern  Idaho  together  with  forage  stands  obtained,    1938-19'^? 


Year  \ 

Place 

Nature  of  \ 
site 

Acres 

Seed 
used 

Nature  of-; 
seeding 

Control 
used 

Stands 
obtained 

1938; 

AjuerL  can    i 
Falls 

Artr 

Brte              ; 

320  i 

1/     1 
Agcr 

Strip 

SigM . ' 

Very  poor 

1939  1 

Ola 

Brte             j 

1,200    \ 

Agcr 
Pobu 

Complete 
coverage 

Flags 

Good 

1943  \ 

Gooding 

Artr; 
burned 

400 

Agcr 
Pobu 

Narrcvj 
strips 

Flags              ; 

Very  poor 

1943  , 

Caldwell 

Artr 

450 

Agcr 

Pobu. 

Narrovj 
st  ri  ps 

Flags              i 

Very  poor 

1943 

Preston 

Artr 

Mt .  brush 

Brte 

800 

Agcr 
Dagl 
etc. 

Spots 

Sight 

Fair 

1945 

(1)   Ccw 
Cre-^ 

Burned 
Artr 

Brte 

3,000 

Agcr 
Pobu 
Brin 

Solid 

Topographic 
units 

Poor 

(2)   Cow 

Creek 

Burned 

Artr 

10,000 

Agcr 
Pobu 
•  Brin 

.   Solid 

;Topcgraphic 
i     unit  s 

Poor 

:  (3)    Ccw 
:         Creek 

■  Burned 
,  Mt. brush 
;  Artr 

\     2,000 

Agcr 
ipobu 
iBrin 

\   Solid 

Topographic 
units 

Fair 

;  (4)    Ccw 

\        Creek 

;  Burned 
Ult.  brush 
:  &.  asp  en 

;    1,000 

lAgcr 
iPobu 

iBri  n 

\  Solid 

Topographic 
unit  s 

:  Fai  r 

1947 

i  Goodi  ng 

':  Artr 
iBrte 

125,000 

Pellets 

Agcr 

pVieof 

:   Solid 

iFlags 

|No  data 

ias  yet 

1/  Symbols: 


Agcr,  Agropyron  cristatum;  Artr,  Artemisia  tridentata; 
Brin,  Bromus  inermis;  Brte,  Br  emus  tectorum; 
Dagl,  Dactyl is  glomerata;  Meof,  Melilotus  officinales; 
Pobu,  Poa  bulbosa. 
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the  load  which  the  plane   can   carry.      For  example,   on   the  South    Fork 
seeding  the  Ford  Trimotor  v^'hich  carried   3,000  pounds  of    seed  per  trip   and 
flev/  35  miles   to   a  suitable  landing  field  was  more  economical  tban  the 
1-5  which   averaged  7  miles   from  a  closer,    analier  field  but  carried  only 
24-0  pounds  of  seed  per  trip.      The  Piper  Cub   at  Preston  which  carried  only 
80  pounds  of  seed  but  vifhich  could  land  in   a  field  2   miles  distant,  was 
cheaper  than    the  larger  planes  carrying  more   seed.     Because  of  the  varied 
rates  of  seeding   and  the  varied  percentages   of  areas  covered   by   seed,    it 
is  usually  better  to  use   cost  per  pound  of  seed   rather  than    cost   per 
acre  in  estimating   costs  of  plane  seedirg  .     Costs   are  estiiTiated  from 
seed   capacity  of  tho   plane,   plane   rentel,    distance  fran  a  1  and i  rig   field, 
air    speed,   and  loading   time,     planes  cannot    carry   as  heavy  a  load  at  hi,gh 
elevations   as  at   lev;  elevations.      Total   seeding    costs   for   225  acres   seeded 
at   5  pounds  per  acre   by  airplane  in  Montana  averaged  $1.50   per  acre.-/ 

Pay  load   is  one    of  the    factors   in  determining   the  advisability  of  airplane 
seeding.     This   Is  especially  true    in  the    case  of  pellet   seeding.      In 
tlie  1945  pellet    seeding  in  the  Southwest  it  was  necessary  to  oarry 
approximately  550  pounds  of  soil    into    the  air  fcr   one  pound  of  tho 
extremely  small   seeds  of  Lehman  love  grass    ( Eragr  ost  is    lehmanni )    and   sand 
dropseed   (Sporobolus  cryptandrus  )   used   in  th  is    seeaing.      In  the   194-7  ' 

seeding  near  Gooding   ordy  20  pounds  of   soil  were  required   for  every 
pound   of  seed  of  crested  wheatgrass  and   clover.     Pellet  seeding   is   still 
in  the   experimental   stage  and  it  is   anticipated   that  there  will  be 
considerable  development    in  this  field. 

Factors  Affecting    Seed  Distribution 

Weather  conditions  often  determine   the  advisability  of  aiiplane   seeding. 
Clouds,  winds,   or   storms  during  the   seeding    season  may  make  airplane 
seeding   impossible.      In  1946  a  plane  was  smashed  arii   the  pilot  v/as  killed 
while   broadcasting  grass  seed   on   a  burned  area  during;   cloudy  v;eather. 
Winds  cause  much   seed  drift  and  uneven   seed  distribution. 

Topography  influences  the  height  of  flightwhich  in   turn  is  a   factor   in 
seed  distribution.     On  level  areas  it  is  possible    to  fly   straight  lines 
which  are  controlled  by  flagm.eii .      In  uneven  tcpography,   however,  planes 
may  clear  ridges  by  20  feet   and  be   1,000  feet   above  the  ground    in  a  short 
distance.     For  this  reason  it  is   difficult  to  fly  to   flagmen  and  it  may 
be  easier  to  fly  rough  areas  by  topographic   units.      Up  and  down  drafts 
in  rough  areas  often  make  it   advisable  for  safety  to  fly  higher   above 
the   ground  than  when  seeding  on  level  areas.      In   sowing  mustard   on  burns 
in   southern  California   foothills   a  flying  height  cf    3OO    feet  was  recoraniende 


2j     Friodrich,   C.   iUlan,   Seeding  grasrt   by  airplane  on  western  Montana's 
burned-over   timcor lands.     Northern  Rocky  Mountain  Forest  and  Range 
Experiment    Station  Research   note   No.   52  mimeo, 

3/     Guide   for   mustard  sov;ing  in  burned  watersheds  of  southern  California, 
U.   S.   Dept.   Agr,   Forest   Service,    California  Region,   Augast  19^7. 
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Proper  seed  distribution  is  difficult  to  adiieve.     Variations  in 
width  of  spread  and  in  drift  of   seeds  broadcast   by   airplane  through  a 
Ventur'i  wind  tunnel   from  different   heights  of  flight  and   under  different 
wind  conditions  are   shcv;n  in  table    4   (p.    8).     The  higher  the  plane   the 
wider  the  swath  and  the  greater  the  seed  drift.     Heavy  seeds  are  not   as 
subject  to  wind  drift  as  light    seeds.      Seeds  also  tend  to  be  thicker 
near   the  center  of    the  swath.      The  wind  tunnel  should  therefore  scatter 
seed  as  far  to  the  outside  as  possible.      A  t^^'pical  distribution  of  grass 
seed   from  a   flight   over  the  Dixie  Airport   at   a  height  of    $00  feet  and 
a  wind  velocity  of  3  m.p.h.    is    shown  in  table  7«      Unevenness   in  distri- 
bution can   be  partially  overcome  by  cross  stripping  and  by  overlapping. 
At  Ola  good   distribution  was  obtained  by  seeding  twice  with   half  of 
the  seed  being  broadcast   in  one   direction  and  the  other  half  at  right 
angles  to  the  first.      In  the  Gooding  pellet    seeding  and  in  seeding  mustard 
in  California  the   edge  of  the  swath  where  seed  v;as  scattered  thin  was 
covered  again  by  overlapping  on  the   next  trip.      This   overcame  bunching 
in  the  middle  of  the   swath.     On  the  South    Fork  of   the  Boise  River, 
where  flagnen  could  not  be  used,    a  topqgraphic  area  was   set  out  and 
the  required  amount   of  seed  put    on  the  area  by   seeding  from  two   to 
four  times  in  different  directions.      Ground  examination  shov;ed  that 
this  gave  reasonably  good   seed  distribution. 

There   is  need  for  considerable  research  y;ork  on   seed  distribution  and 
drift  of   different  species  f  rom  d  if  ferent   flying  heights,   at  varying 
wind  velocities,    and  from  different  types  of  seed  distributors  in  air- 
plane broadcasting.     Airplane  seedirg    costs  and  the    feasibility  of 
this  seeding  method  need   to  be  more  fully  determined.      Field  tests 
are  also  needed  on  the  practicability  of  enclosing  seed  in  soil  pellets 
both  for  drilling,   hand   broadcasting,  and   for  airplane    seeding.      Where 
airplane  seeding  is  going  ahead  without   the   necessary  research  back- 
ground seed  distribution  should   be   checked   from  different  flying 
heights  at  the  beginning  of   each  seed   job    and   checked  in  the  field   as 
the   job  is  progressing.      For  field   checking    it  will  be  necessary  to 
arrange  a  system  of  signals  between    the   field    checker  and   the  pilot. 
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Table  7.  Distribution  of  seeds  _  (three  species  in  a  mixture)  a_t_given_ 
distanccjs  to  v;ird;;j-.r:i  f  ron:  i.  • .  ae  of  f  1  i  gii  t:  c  !  ^■..  iti  .1  a  n  e  s ' .  e  d- 
ins"  at   l'i::le  AiTDort,   l/'l?) 


Distance   to  v;ind- 

8ee( 

is  per  square  foot 
Crested 

ward  from  line  of 

Bulbous 

t>n:ooth 

flight 

blue grass 

V7h  oat  grass 

brcme 

feet 

0 

- 

- 

- 

10 

3 

- 

mm 

20 

11 

- 

- 

30 

31 

ifa 

- 

40 

28 

- 

- 

50 

,2'^ 

3 

1 

60 

24 

7 

4 

70 

20 

6 

5 

80 

12 

3 

3 

90 

6 

2 

5 

100 

4 

1 

2 

no 

2 

2 

2 

120 

- 

1 

1 

130 

- 

1 

1 

140 

- 

- 

1 

150 

- 

- 

1 
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Many  open  grrisslands  in  the  subalpine  zone  are  in  need  of  artificial 
revegetation.   Originally,  the  native  cover  of  broadleaved  herbs  and 
grasses  held  the  soil  securely,  and  insured  the  absorption  of  rain- 
water during  torrential  storms.  Much  of  this  cover  was  destroyed  by 
early  unregulated  grazing,  however;  much  of  the  bared  topsoil  was 
washed  away;  and  summer  flash  floods  became  common.  Since  the  regula- 
tion of  grazing,  plant  cover  has  increased,  especially  on  the  better 
sites,  erosion  is  less,  and  destructive  suimner  floods  are  fewer. 
There  are,  however,  many  areas  that  are  still  eroding  too  fast,  and 
occasionally  destructive  floods  still  occur.  The  quality  of  vege- 
tation in  many  places,  both  from  the  standpoint  of  v^atershed  pro- 
tection and  of  forage  yield,  is  unsatisfactory.   On  many  of  these 
subalpine  lands  cultural  treatments,  including  the  seeding  of 
grasses,  are  the  only  feasible  moans  of  stabilizing  the  soil.   On 
moderate  slopes  and  level  areas,  where  the  soil  mantle  is  fairly 
deep,  increfised  forage  alone  justifies  the  costs  of  seeding. 

To  get  successful  plantings  on  high  elevation  range  lands  it  is 
important  to  knov;  the  proper  seasonal  period  in  which  to  plant. 
This  research  paper  presents  such  information  from  a  3-year  intensive 
study  of  planting  periods  in  a  typical  subalpine  area  in  central 
Utah,  Because  of  the  general  similarity  of  climate  in  many  high 
mountain  areas  in  the  temperate  zone,  the  information  should  have 
rathor  wide  application. 

Soil  and  Vegetation  of  the  Experimental  Area 

The  area  chosen  for  this  study  is  located  10,200  feet  above  sea 
level  on  the  comparatively  level  and  rather  broad  ViJasatch  Plateau 
at  the  head  of  Ephraim  Canyon  on  an  8-percent  slope  facing  west. 
The  soil  is  a  clay  loam  of  limestone  origin.   Composite  samples 
showed  a  pH  of  6.9 >  a  nitrogen  content  of  0.3  percent,  and  an 
organic  matter  content  of  6  percent  in  the  top  3  inches. 

The  native  plants  that  originally  grew  on  the  experimental  site  and 
general  vicinity  had  been  greatly  depleted  and  much  of  the  soil  was 
eroded  away.   Common  dandelions,  sweet  sagebrush,  and  western  yarrow 
were  the  primary  species  occupying  the  land  prior  to  use  for 


experimental  purposes.  Minor  constituents  were  American  vetch, 
sticky  geranium,  slimstem  cinquefoil,  false  carrot,  end   Barbey 
larkspur.  These  arc  all  common  forbs  on  the  adjoining  land. 

Climate 

Annual  precipitation  during  the  34  years  from  1915  to  194-8  has 
averaged  slightly  more  than  30  inches.  Approximately  one-fourth  of 
this  has  come  as  rain  in  the  five  summer  months  (Ivky  1  to  September 
30)  and  the  remainder  as  snow  in  the  s-jven  winter  months  (October  1 
to  April  30 )•  The  moisture  accumulated  in  the  ground  fro.ni  winter 
snow  together  with  occasional  showers  in  most  suiiimers  ^aiables  most 
perennial  plants  to  remain  green  until  killing  frosts  occur  in  the 
fall. 

The  length  of  the  frost-free  period,  which  varies  greatly  from 
year  to  year,  averages  80  days,  with  the  longest  period  on  record 
111  days  and  the  shortest  ^'^  days.   For  any  one  year  the  number  of 
frost-free  days  may  be  cut  in  half  by  either  a  late  spring  or  eerly 
fall.  When  frosts  occur  in  the  early  part  of   the  growing  season, 
and  they  occasionally  do,  they  are  very  damaging  to  seedlings. 
Such  frosts  characteristically  come  in  yearj;  when  snow  melts  off 
early. 

On  these  high,  sparsely  timbered  plateaus,  it  is  not  unusual  for 
the  wind  to  develop  into  gale  proportions  for  sevt-ral  hours  at  a 
time.   This  enormous  amount  of  air  movement  has  a  serious  drying- 
out  effect  on  the  surface  soil  and  unprotected  young  seedlings. 

Grass  Species  Used 

The  six  grass  species  used  in  this  study  were  slender  wheatgrass, 
mountain  brome,  smooth  brome,  tall  oatgrass,  timothy,  and  Kentucky 
bluegrass.  Slender  wheatgrass  and  mountain  brome  are  bunchgrasses 
native  to  this  region  and  seeds  used  were  of  local  origin.  Both 
grasses  become  established  easily  under  a  wide  range  of  conditions 
at  high  elevations. 

Tall  oatgrass  and  timothy  are  bunchgra,sses  native  to  Europe  but 
long  used  in  pastures  in  this  country.   Of  the  two,  tall  oatgrass 
has  the  wider  range  of  use  and  is  the  more  aggressive  spreader. 
Timothy,  in  years  of  short  seasons  at  high  elevations,  will  not 
mature  seed  whereas  tall  oatgrass  generally  does.   ^Timothy  is 
best  suited  to  moist  sites. 

Smooth  broBit  and  Kentucky  bluegrass,  introduced  sodgrasses  and 
long-time  popular  pasture  grasses  in  this  country,  have  proved 
themselves  well  adapted  for  seeding  high  ranges.   Smooth  brome, 
because  of  its  wide  range  of  adaptability,  good  soil  binding 
qualities,  palatability,  and  eas e  of  establishment,  is  at  present 
the  most  widely  used  and  recomiaended  species.  Kentucky  bluegrass 
is  not  so  generally  recommended  for  forage  because  of  its  lower 
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production  and  greater  difficulty  encountered  in  getting  stands. 

However,  once  established,  it  is  persistent  and  controls  erosion, 

even  under  very  heavy  grazing.  Like  tliaotliy,  it  is  best  suited  and 
most  productive  on  moist  sites. 

Experimental  Frocedure 

Fifty  viable  seeds  of  the  six  grasses  were  sown  in  rows  10  feet  long 
and  22  inches  apart  in  four  replications  and  during  six  seasonal 
periods  over  the  3  years,  1941-45*  Slender  wheatfrrass,  mountain 
brome,  smooth  brome,  and  tall  oatgrass  were  sown  <'.t  a  depth  of  3/4- 
inch;  timothy  and  Kentucky  bluegrass  were  planted  1/4-inch  deep. 

The  study  was  set  up  on  a  split  randomized  block  design  and  had  all 
possible  cofflbinations  of  the  viriable  factors--6  species,  6  season- 
al periods,  and  5  years — for  a  total  of  l80  separate  treatments.  To 
make  conditions  as  uniform  as  pcssiblc  ,  competing  vegetation  v.'as 
weeded  out  during  the  year  of  planting  as  well  •  s  in  the  succeeding 
year. 

For  purposes  of  planting,  the  growing  pyriod  was  divided  into  six 
seasonal  periods,  basod  on  development  of  native  mountain  bromo. 
Dates  of  planting  were  designated  as  early  and  late  spring,  early 
and  late  summer,  and  early  and  late  fall.  The  developmental  stages, 
seasonal  periods,  and  variations  in  dates  are  shown  in  table  1, 

Table  1«— -Seasonal  planting  periods  based  on  development  of  Mountain 
Brome 

Seasonal  :   Stage  of  :      :     :     :     :     :   Date    :  >vv. 
period  ;  development  ;  1941  ;  19<2  1 1943  ;  1944  ;  I943  :  variation  ;  date 


Early 
spring 

Late 
spring 


Early 

summer 
Late 

summer 
Early 

fall 
Late 

fall 


6-27  6-16  5-28  6-29  6-23 
7-13  7-2   6-30  7-19  7-9 


Snow  off, 
growth 
starting 
Leaves  6 
to  8  inches 
high; flower 
stalks  evi- 
dent 

Flower  heads  7-28  7-24   7-24  8-2   7-27 
showing 

Seed  in      8-19  8-17  3-20  8-22  8-21 
soft  dough 
Seed  ripe     9-6   9-2   9-1   9-11  9-12 


3-28  to 
6-29 

6-30  to 
7-19 


6-19 
7-9 


Seed  dis- 
seminated 


1/    9-27  10-1  10-5  11-6 


7-24  to 

7-27 

8-2 

8-17   to 

8-20 

8-22 

9-1  to 

9-6 

9-12 

9-27  to 

10-6 

11-6 

1/  Late  fall  planting  not  possible  in  1941. 
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It  is  to  be  noted  in  table  1  that  there  was  inoru  than  a  month's 
variation  in  planting  dates  in  the  ecrly  spring  period  during  the  5 
years.  This  was  because  of  the  wide  variation  betwt-en  yearly  dates 
when  snow  melted  off  and  the  ground  had  dried  out  enough  so  that 
plantings  could  be  made.  Similarly,  it  is  to  bo  observed  that  there 
is  over  a  month's  spread  in  late  fall  planting  dates.  In  19^1, 
early  snow  falling  on  September  22  did  not  melt  off,  consequently 
the  late  fall  planting  could  not  be  made.  In  194^  the  late  fall 
planting  was  delayed  until  November  6  because  of  stormy  wtjather.  In 
this  seasonal  period  there  were  very  few  days  in  which  plantings 
could  be  made.  Dates  of  planting  in  early  summer,  late  summer,  and 
early  fall  were  within  short  periods  of  each  oth.:;r  for  the  5  years. 

Development  of  mountain  brome ,  as  well  as  of  the  other  native  species, 
is  very  similar  in  all  years  at  the  later  seasons,  regardless  of  how 
late  the  ground  is  covered  ivith  snow  in  the  spring.  In  years  of 
late  snow  cover,  the  growing  conditions  are  more  favorable  at  the 
time  grovjth  starts.  As  a  consequence,  plants  dsvt^lop  faster  and 
make  up  the  deficiency  resulting  frora  a  later  start.  Late  fall  in 
the  higher  mountains  has  been  judged  to  be  any  date  aftt;r  September 
23  when  plantings  can  be  made.   Generally  after  that  date  temperatures 
are  cold  enough  to  insure  little  danger  of  seeds  germinating  and  suc- 
cumbing to  winterkilling  action. 

Rates  of  Seeding 

fifty  live  seeds,  sown  in  each  10-foot  row,  amounted  to  2,72  seeds 
per  square  foot,  or  5»0  seeds  per  linear  foot.  Each  year  the  ger- 
mination of  each  seed  lot  was  determined  and  enough  seeds  wero 
counted  out  to  equal  50  good  seeds.  The  seeding  rate  in  pounds  per 
acre  is  shown  in  table  2,  Because  of  the  small  size  of  timothy 
and  Kentucky  bluegrass  seeds,  the  seeding  rates  in  pounds  per  acre 
were  lower  than  for  the  larger  seeded  species. 


Table  2, --Number  of  seeds  per  pound  and  seeding  rates  for  six  grasses 

Grass  species  Number  of  seeds      Seeding  rate 

^ per  pound 

Lbs,  per  acre 

Slender  wheatgrass 

Mountain  brome  

Smooth  brome  

Tall  oatgrass 

Timothy 

Kentucky  bluegrass 


153,840 

0,77 

40,000 

2,98 

118.000 

1,01 

122,000 

0.98 

1,140,000 

0,10 

2,320,000 

0.03 

-4- 


Observations  Taken 

Observations  were  of  two  kinds,  seedling  counts  and  relative  plot 
ratings.  Both  were  made  in  the  late  suinrtEr  of  the  year  following 
planting.  By  that  time  the  heavy  mortality  was  over  and  perform- 
anaof  each  species  could  be   judged. 

Relative  plot    ratings  consisted  of  an  evaluation  of   the  stand  on  a 
standard  scale  from  0  to  10  .      A  ratir^    of    1  was  very  poor  and   10  was 
very  good    or  as  much  as   could  be  expected.      Factors  considered  in 
making   ratings  were  distribution  in  the    row  and  nmnber  of  plants. 
These  factors  were   helpful   in  determining  the    probable    future  stands. 

Result  s 

Percentages  of  plant   survival  are  shewn  in  table  3  and   relative 
plot  ratings   in  table   4,     Slender  wheatgrass,  mountain  brome ,   and 
smooth  broiffi    gave  vt.ry   comparable  results.      Slender  -wheatgrass  proved 
to  be  the   most   consistent    in  establishment   for   all  seasons.     Analysis 
showed  that  there  was  no  significant  difference  between  seasons   for 
this   species.     Explanation  for    this   is   that  the    seedlings  of    this 
native  strain  were  much  more   resistant   to  freezing  and  thawing  than 
those  of  the  other  g^ecies.      Mountain  bronB    and  smooth  brome  were 
second  and   third  best,    respectively,   in  percentage   ostabli  slime  nt , 
However,   statistical  analysis  of   plant    survival  showed  there  was 
no     significant  difference   in  establishment    between  these  two  species 
and  slender  wheatgrass.     There  was  a  highly  significant  difference 
between  establishment   in  different    seasonal  periods  for  the    brome s. 
This  is,   of  course,   traceable   to   the    lav  survival   of  plantings   in 
late  sujrmer  and  early  fall, 

Timothy  and  Kentucky  bluegrass  gave  definitely  poor  results  for   all 
seasonal  periods,  and  tall  oatgrass  only  slightly  better.     The   ex- 
planation for  the   failure   of  these  grasses  lies  in  the   high  mortality 
of  the  seedlings.     While    emergence  was   often  observed   to  be  good 
after  planting   very  fev;   seedlings  lived  through  into  the    second   year, 
A  heavier  rate  of   seeding  would  no  doubt  help  to    insure  a    stand. 
This  study  plainly  shows  that  there  is    no  direct   relationship  be- 
tween size  of    seed  and    the    rate  at  v'hich  seeds  should   be  planted 
and  that   capacity  of   seedlirgs  to   survive  should   be  taken  into 
account  when    seeding  rates  are  planned.     In  many  instances   small- 
seeded  species  need  to    be   sov;n  at  rates  equal  to  those   for    large- 
seeded   species  to   get   comparable  results. 

For  the  three   best  species    (slender  wheatgrass,   mountain  brorne  , 
and  smooth  brome  ) ,   average   s\irvival  was  highest  during   the   late 
spring  period.     Second   in  order  of   average   survival  was  early 
summer,  and  next,   early  spring.     However,   actual  survival   differ- 
ences  between  the    three  better  seasonal  periods  are   not   consistent 
enough  so  that   one   can  be  recommended  over  another.     The  remaining 
three   seasonal  periods  v.ere   considerably  inferior,  with  early  fall 
the  poorest   of   all    (see   tables   3  and  4). 
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Because  of  the  inconsistent  and  lovj  establishrnont  of  tall  oatgrass, 
timothy,  and  Kentucky  bluegrass,  they  are  not  included  in  further 
discussion  of  results.  ^ 

Precipitation  and  Survival 

Precipitation  varied  considerably  during  the  growing  periods  of  the 
5  years  of  this  study  (table  5).   In  194-3  the  prt.cipitation  for 
the  grovifing  season  v;as  one  of  the  highest  on  record  v/hereas  that 
for  the  1944  grovjing  sefison  was  one  of  the  lowest. 

Table  5« — Average  seedling,  survival  by  seasonal  period  for  three 


grasses 

(slender  v;ht;C 

t grass , 

mountain 

brome ,  an 

d  smooth 

brome) 

togethur  with 

prccipit 

ation  during  July, 

August , 

and 

Sep 

t  ember 

(1941-4 

-5) 

Seasonal 

1941 

1942 

1943 

1944 

1943 

Avo'rage 

period 

4 
1' 

7- 

1- 

/: 
/= 

1- 

Early  spring 

37.2 

6.^. 

12.1 

18.3 

27.3 

20.3 

Late  spring 

42.9 

5.3 

15.3 

20.9 

43.3 

25.6 

Early  summer 

36.7 

6.9 

31.2 

9.7 

33.3 

24.0 

Late  summer 

13.7 

6.8 

15.9 

10.8 

13.3 

12.5 

Early  fall 

12.9 

8.0 

4.3 

9.4 

14.0 

9.7 

Late  fall 

— 

14.0 

12.0 

12.1 

17.8 

14.0 

Average 

28.7 

7.9 

13.1 

13.3 

25.6 

17.7 

Precipitation 
In.     In.     In.     In.     In.      In, 


July 

August 

September 

Total 


1.21 

1.27 

1*46 

.11 

1,11 

1,03 

2.22 

.83 

3.^^1 

.30 

1,42 

1.64 

1.62 

.86 

.63 

.01 

.45 

.72 

3.03 

2.98 

3.32 

,62 

2.98 

3.39 

Table  3  also  shows  the  average  yearly  seedling  survivals  for  the 
three  best  species.  VJith  the  exception  of  the  year  1942,  seedling 
survival  during  early  spring  and  late  spring  was  good  enough  to  in- 
sure successful  stands.  Early  summer  was  good  in  3  of  the  3  years. 
The  very  poor  survival  of  1942  is  associated  with  freezing  tempera- 
tures in  the  early  spring  of  1943,   This  was  a  year  when  the  snow 
cover  had  melted  off  before  iWhy  13 .   Between  Uhy   12  and  llt-.y   20  there 


were  unusually  low  minimum  temperatures  that  caused  the  surface 

soil  to  freeze  nightly.   This  alternate  freezing  and  thawing  resulted 

in  heavy  death  losses. 

In  1944,  the  lowest  precipitation  year  of  the  five,  results  v;ere 
comparatively  good  for  the  early  and  late  spring  plantings.  These 
better-than-expected  results  in  a  very  dry  spring  and  sumraer  are 
attributable  to  the  excellent  ground  moisture  at  the  time  of  plant- 
ing together  vjith  the  fact  that  rain  after  the  plantings  came  at 
very  opportune  times. 

The  rather  uniformly  poorer  establislment  of  all  plantings  in  late 
summer  and  uarly  fall  is  directly  traceable  to  winterkilling.   Seeds 
planted  during  these  seasonal  p.:;riods  germinate  and  emerge  in  the 
waning  days  of  the  growing  period.  VJhen  winter  sets  in,  the  seed- 
lings are  not  v;ell-enough  established  to  withstand  the  freezing  and 
thawing  that  takes  place.  Gcn^'rally  this  is  most  severe  in  late 
October  and  early  November  when  snow  is  present  only  in  patches  or 
is  very  thin.   Often  young  seedlings  are  completely  heaved  out  of 
the  ground.  Slender  v;heatgrass  seedlings  proved  to  be  the  most 
successful  in  withstanding  this  freezing  and  thawing  action. 

It  is  to  be  noted  that  survival  figures  for  late  fall  plantings 
(see  table  5) >  while  considerably  lower  than  for  the  three  best 
seasons,  vary  less  from  year  to  year.   Generally  late  fall  can  bo 
relied  upon  for  good  stands,  but  in  this  study  it  was  definitely 
inferior  as  a  planting  time  to  early  spring,  late  spring,  and  early 
summer.  Late  fall  is  generally  poorer  than  the  three  better 
seasonal  periods  because  some  seeds  germinate  or  start  to  germinate 
and  then  die  under  the  snow.  There  are  thus  two  risks  involved  in 
late  fall  planting.   First,  the  possibility  of  there  being  no  late 
fall  season.   (An  unusually  early  snow  nay  come  as  it  did  during 
this  study  in  1941  and  preclude  a  seeding.)   Second,  there  is  the 
hazard  of  planting  just  a  fuw  days  too  early  with  the  consequence 
that  much  of  the  seed  will  germinate,  emerge,  and  then  die  from 
freezing  and  thawing  in  the  late  fall  months. 

Summary 

In  this  study  of  proper  seasonal  planting  periods  for  grasses  on 
a  high  mountain  area  in  central  Utah,  the  order  of  preference,  based 
on  averages,  was  found  to  be:  Late  spring,  early  summer,  early 
spring,  late  fall,  late  summer,  and  early  fall.   Seasonal  periods 
and  date  variations,  all  based  on  the  development  of  native  mountain 
brome,  were  as  follows: 
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Seasonal  period  Date  variation 

Early  spring  Ife.y  28  to  June  29 

Late  spring  June  30  to  July  19 

Early  sumtner  July  24  to  August  2 

Late  summer  August  I7  to  August  22 

Early  fall  September  1  to  September  12 

Late  fall  September  27  to  November  6 

Of  the  six  grasses  used,  slender  wheatgrass,  mountain  broiie,  and 
smooth  brome  in  that  order,  had  the  highest  percentage  survival  in 
all  seasonal  periods.  Tall  oatgrass,  timothy,  and  Kentucky  blue- 
grass  gave  very  low  and  erratic  establishment.  A  higher  seeding 
rate  would  doubtless  have  helped  to  obtain  satisfactory  stands  of 
these  three  grasses.  As  this  study  shows,  the  relative  number  of 
seeds  per  pound  is  not  necessarily  the  only  criterion  governing 
seeding  rates.  The  ability  of  seedlings  to  survive  under  the  con- 
ditions prevailing  at  the  planting  site  should  also  be  considered. 

Because  the  three  better  seasonal  periods  occupy  a  continuous  part 
of  the  year  and  because  seedling  survival  is  similar  during  each  of 
the  periods,  the  combined  period  of  good  results  extended  from  the 
time  it  was  first  possible  to  get  on  the  ground  until  late  July. 
Late  fall  was  next  in  order  of  preference,  but  proved  hazardous 
because  of  the  possibility  of  early  sncwfall  or  premature  plantings. 
Late  s\anmer  and  early  fall  plantings  gave  very  poor  all-around 
re suit s# 

APPENDIX 

Recommended  Planting  Methot  Based  on  Study  Findings 

For  those  who  wish  to  undertake  a  large-scale  planting  in  the  sub- 
alpine  zone,  the  following  method  is  suggested.  It  is  based  on 
the  findings  of  previous  studies  and  experience  as  well  as  the 
foregoing  study  and  has  given  good  to  excellent  stands.  Other  less 
coirprehensive  plans  have  resulted  in  failure. 

1»  Competition  from  vegetation  already  established  on  the  ground 
should  be  eliminated.  Practically  all  studies  on  revegetation  have 
shown  that  seeds  sown  or  drilled  into  other  vegetation  have  little 
chance  for  survival. 

On  lands  supporting  perennial  weeds  it  is  best  to  plow  the  entire 
area  to  be  seeded  during  the  summer  preceding  the  actual  planting. 
A  one-way  disk  plow  has  proved  effective  on  many  perennial  weed 
types«  Moldboard  plows  are  often  better,  but  treatment  costs  more. 
Where  perennials  are  firmly  established  and  tend  to  form  a  sod, 
moldboard  plowing  is  usually  necessary.  Plowing  before  seed  matures 
on  coii5)eting  vegetation  will  greatly  reduce  reinfestation  by  un- 
desirable plants.  Plowing  the  year  before  planting  will  allow  the 
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soil  to  settle  before  seeding  operations  be^rin.   If  the  soil  has 
had  time  to  settle  it  is  much  easier  to  gauge  the  depth  of  seeding. 
Drilling  on  loose  soil  often  results  in  getting  the  seed  in  too  deep. 

Where  an  area  is  supporting  annual  weeds  ,  such  as  cluster  tarweed 
and  Douglas  knotweed,  surface  cultivation  in  early  spring,  followed 
by  planting  ha?  proved  effective.   Shallow  wheatland  plowing,  or 
thorough  surface  treatment  with  a  duck-foot  weeder  or  spring-tooth 
harrow  are  good  methods  of  reducing  weed  competition.   Most  annual 
weed  species  have  germinated  and  emerged  by  tht;  time  snow  is  fully 
off  the  ground.   The  remaining  viable  weed  seeds  usually  lie  dor- 
mant until  the  next  spring.   Thus,  surface  cultivation  in  the  early 
spring  kills  the  serious  annual  we^^d  corapetition  for  the  current 
season.   If  a  grass  stand  is  established  soon  after,  it  will 
suppress  weed  seedlings  that  may  start  the  follovjing  spring. 

From  preliminary  tests  it  appears  that  spraying  2,4-~D  at  a  rate 
of  '^/^   to  1  pound  an  aero  is  a  good  control  measure  for  annual 
weeds.   It  is  important  that  application  be  made  as  early  as  pos- 
sible in  the  spring  while  ground  still  has  good  moisture  m  the 
surface  3  iuch-'S,  Treatment  is  most  effective  if  done  before  the 
weeds  reach  the  4-leaf  stage,   iurther  tests  are  needed  to  dtturmine 
the  limitations  of  this  chemical  control  method,  and  btst  dates  to 
make  plantings  after  spraying, 

2,  Plant  b-fore  late  July.  Later  plantings  will  be  more  liable 
to  damage  from  either  a  dry  summer  or  early  fall  because  soudlings 
are  not  sufficiently  advanced  to  withstand  drought  or  freezing  and 
thawing.   If  it  is  not  practical  to  plant  in  the  spring  or  early 
summer  then  late  fall  planting  is  recoraiaended. 

3»  Use  a  drill  where  possible  and  plant  no  deeper  than  3/4  inch. 
A  drill  insures  uniformly  distributed  seed  and  places  the  seed  at 
desired  depth, 

4.   If  a  drill  is  not  available  or  cannot  be  used  broadcast  setd 
and  cover  by  light  harrowing  or  light  disking, 

5*  Except  where  soil  has  a  tend;incy  to  be  naturally  moist  in  summer 
and  fall,  a  mixture  composed  of  the  following  species  and  amounts 
of  seeds  p^r  acre  vjill  prove  satisfactory: 

Smooth  brome  4  lbs. 

Orchardgrass  2  lbs. 

Mountain  brome  2  lbs. 

Slender  wheatgrass  2  lbs. 

Tall  oatgrass  2  lbs. 

Total  12  lbs. 

If  some  species  are  not  available,  smooth  brome  can  be  usod  alone 
or  with  any  other  one  or  tv;o  species.   On  naturally  moist  areas 
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substitution  of  timothy  and  reed  canarygrass,  meadow  foxtail  or 
Kentucky  bluegrass  for  mountain  brome  and  slender  wheatgrass  can 
be  made.  Mountain  brome  and  slender  wheatgrass  should  be  from  a 
source  that  is  adapted  to  high  mountains.  Much  seed  on  the  mar- 
ket of  these  species  is  not  suited  for  high  elevations*  Meadow 
brome  and  tomentose  brome  are  useful  substitutions  for  mountain 
brome  and  slender  wheatgrass. 

6.  Drill  at  a  rate  of  8  to  10  pounds  per  acre  or  broadcast  at 
12  to  14  pounds  per  acre, 

7»  Do  not  graze  the  area  for  the  entire  first  year.  Then  if 
establishment  of  the  grasses  is  satisfactory,  graze  the  area  lightly 
toward  the  close  of  the  second  summer  season.  If  establishment 
could  be  aided  by  further  protection  allow  no  stock  to  graze  during 
the  second  year.  After  establishment,  graze  seeded  ranges  judi- 
ciously. Don't  allow  stock  to  get  on  the  area  while  it  is  still 
wet  from  winter  snows.  Watch  the  progress  of  grazing;  take  stock 
off  when  no  more  than  60  to  65  percent  of  the  current  yearns  forage 
is  consumed,  leaving  the  remaining  40  to  35  percent  to  protect  the 
soil  and  to  enable  the  forage  plants  to  maintain  their  vigor.  If 
land  has  much  slope,  50  percent  of  the  current  year's  growth  should 
be  left. 


LIST  OF  GOMION  AND  SGIEMTIFIG  NAIvffiS 


Grasses: 


Meadow  brome Bromus  erectus 

Meadow  foxtail Alopecurus  pratensis 

Mountain  brome Bromus  carinatus 

Reed  canarygrass Phalaris  arundinacea 

Slender  wheatgrass Agropyron  trachycaulum 

Smooth  brome Bromus  inermis 

Tall  oatgrass Arrhenatherum  elatius 

Timothy Phleum  pratense 

Tomentose  brome Bromus  tomentellus 

Weeds: 

American  vetch Vicia  americana 

Barbey  larkspur Delphinium  barbeyi 

Cluster  tarweed  .., Madia  glome  rata 

Common  dandelion  Taraxacum  officinale 

Douglas  knotweed Polygonum  douglasi 

False  carrot Pseudocymopterus  tidestromi 

Slimstem  cinquef oil  Potentilla  f ilipes 

Sticky  geranium Geranium  viscosissimum 

Sweet  sagebrush Artemisia  discolor 

Western  yarrow Achillea  lanulosa 
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SUGGESTIONS  FOR  TECHNIQUES  IN  REFORf^ATION  IN\^HE 
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^,  -^ 

With  recent  passage  of  legislation  by  Congress  for  reh-xbiit^S'^crx  of  un- 
productive forest  land,  many  regions  have  started  reforestation  pro- 
grams. The  successful  establishment  of  trees,  either  by  artificial 
seeding  or  by  planting,  is  not  easy  in  the  arid  climate  of  the  Inter- 
mountain  region.   Consequently,  if  the  failures  of  early  attempts  in 
reforestation  are  to  be  avoided,  every  precaution  must  be  observed  and 
every  instance,  where  experience  has  shown  a  certain  course  should  be 
followed  or  shunned,  must  be  recalled  and  observed. 

Artificial  Seeding 

Artificial  forest  seeding  has  been  carried  out  in  the  VJestern  States, 
off  and  on,  since  1905.  Many  of  these  early  trials,  and  even  later 
ones,  were  on  a  large  scale  and  of  such  varying  design  that  thty  pro- 
duced erratic  results*  Consequently,  this  method  of  reforestation 
was  regarded  as  inexpedient  and  unreliable. 

Recent  tests,  however,  have  shown  that  certain  aspects  of  seeding 
technique  which  were  either  overlooked  or  not  given  due  weight  pre- 
viously have  given  encouraging  results.  While  thi;  follovang  guides 
to  technique  are  not  conclusive,  they  should  provide  basic  framev.'ork 
which  can  be  added  to  rather  than  one  that  needs  to  be  altered  by 
further  experimentation.   For  pondsrosa  pine  on  the  granitic  soils 
of  central  Idaho,  the  following  points  are  fairly  well  established: 

1.   Seed  and  young  seedlings  must  be  protected  from,  rodents.   Droad- 
casting  or  sowing  in  spots  without  protection  (scr.  ens  or  poison ) 
is  an  appalling  waste  of  seed  except  possibly  when  done  on  large  burns, 
well  inward  from  the  borders,  and  immediately  (  i.e.,  before  brush 
growth  begins)  after  the  fire. 


1/  The  information  contained  in  this  statement  is  dravm  from  the  ex- 
ploratory but  soundly  designp-d  and  carefully  executed  tests  in  seeding 
and  planting  by  T.  E.  IVIaki  ,  and  extensive  surveys  and  examinations  by 
C.  F.  Korstian  and  F.  S.  Baker,  formerly  of  the  St^jtion  staff. 


By  James  D.  Curtis,  Fores 


2.   Competition  from  brush,  grass,  and  weeds  must  be  reduced  by  some 
means*  Sowing  immediately  after  a  fire  offers  a  partial  solution  but 
on  old  brush-covered  burns  some  means  must  be  found  to  reduce  compe- 
tition. Weedings  may  bo  necessary  during  the  early  years, 

3«  Fall  sowing  is  better  than  spring  sowing  if  complete  protection 
is  provided.  Ordinarily  untreated  seed  cannot  be  sown  early  enough 
in  the  spring  in  central  Idaho  to  obtain  satisfactory  germination. 
Unless  seed  can  be  pretreated  to  induce  very  rapid  germination,  fall- 
sown  seed  holds  a  big  advantage  over  spring-sown  seed, 

4.  Hardware  wire  cloth  (3-to-the-inch  mesh)  cones  furni-sh  sufficient 
protection  against  ordinary  rodents  and  birds, 

5.  Young  seedlings  must  bo  protected  until  stems  are  definitely 
suberized.  Cones  should  be  left  in  place  until  about  the  middle  of 
August  in  the  first  growing  season, 

6 .  Grazing  must  be  excluded  during  the  first  few  years. 

7.  Only  about  ^0  percent  of  clean  and  sound  ponderosa  pine  seed  can 
be  expected  to  germinate  under  the  natural  conditions  encountered  in 
seeding.  Allowances  must  be  made  for  germination  failure  ond  drought 
losses.  Fifteen  seeds  per  spot  is  suggested  as  a  conservative  number. 

Planting 

Considerable  experimental  planting  has  been  done  in  the  Intermountain 
region  dating  from  about  1915»  The  early  plantings  were  confined  to 
Utah  and  southeastern  Idaho;  latterly  efforts  have  been  directed 
towards  work  in  central  Idaho. 

Within  the  Intermountain  region,  the  greatest  obstacle  to  successful 
planting  is  the  dearth  of  available  moisture  in  the  root  zone  that 
invariably  develops  early  in  the  grovjing  season  when  the  plant  strives 
to  become  established.  This,  together  with  plant  competition,  has 
proved  to  be  responsible  for  much  mortality.  Evidently  no  number  of 
vigorous  lateral  roots  will  enable  the  plant  to  overcome  a  lack  of 
sufficient  moisture  for  root  absorption  and  plant  groivth.  Consequently, 
while  some  laterals  are  desirable,  a  healthy,  well-developed  taproot, 
some  12-15  inches  long  is  much  more  useful  and  thus  more  important. 
It  is  to  be  further  appreciated  that  since  climate  is  one  of  the  few 
uncontrollable  factors,  it  is  important  to  exercise  every  care  in  con- 
forming to  accepted  standards  of  stock  and  procedures  for  lifting, 
transporting,  and  planting  which  are  known  to  be  suitable  for  all 
other  factors  involved.  Some  of  these  criteria  are  as  follows: 

1.  Stock  should  be  raised  from  a  native  seed  source  and  if  pos- 
sible seed  should  be  collected  from  trees  of  good  vigor  and  good  form. 
This  is  a  silvicil  axiom  all  too  often  overlooked  through  expediency, 
"economy,"  or  lack  of  facilities  for  collecting  seed. 
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2.  Planting  sites,  both  general  aro?tS  and  spots  v;ithin  an  ar*-ja  ,  should 
be  critically  s--lected.  This  mtans  choosin;;^  plantir:7  ■-rec;s  where  con- 
ditions are  not  unduly  suvere  and  choosing  plantiiu^,  spots  whcro 
shade  and  protection  are  providc'd  by  stumps,  ior^s,  roc^s,  living  brush, 
or  humraocks, 

3.  Plant  at  the  proper  time.   In  spring  operations,  plant  iirun..  diately 
after  snov;  recession  and  re3trict  planting  to  a  siiort  period  there- 
after. Refrain  from  fall  planting  mJess  auturanal  rainfall  is  ado- 
quate  to  moisten  the  top  15  to  I8  inches  of  soil. 

4.  Use  husky  stock.   Stock  should  be  h';avily  culled  so  that  firm 
stems,  taproots  of  not  less  than  12  inch'-.s,  and  a  fair  number  of  lat- 
erals characterize  the  plants.   Stock  of  2-1,  1-2,  or  2-0  will  probably 
fulfill  these  requirements.  ^ 

3.   Site  prt^paration  is  necessary.   This  should  take  the  form  of 
reducing  plarit  competition  no  m^itti.r  what  its  kind,  Vifhere  snag  stands 
happen  to  be  heavy,  snag  rcmovjl  may  be  ntcessary,  c^-rteinly  d<;sirable. 

6 •  Exclude  or  restrict  graz.ing  during  the  early  life  of  the  plantation. 
Direct  djaraages  from  trampling  and  indirect  damage  iroia  sloughing  of 
soil  is  real  and  considerable  v/here  grazing  animals  are  present, 

?•  Sacrifice  speed  for  care.   The  following  rules  should  be  applied 
from  the  time  of  nursery  lifting  to  the  planting  of  stock  in  the 
field:   time  the  op'.;rations  carefully;  avoid  root  stripping,  especial- 
ly of  the  taproot;  pack  carefully  to  avoid  overheating  and  drying  out 
of  the  smaller  roots,  even  in  cloudy  weather;  exercise  care  in  setting 
the  plant  vertically  at  the  correct  depth  v;ith  roots  spread  out;  and 
tamp  sufficiently.   Though  these  rules  arc  familiar,  unfortunately 
they  are  too  often  neglected  in  favor  of  establishing  production  rates 
and  records,  actually  of  little  importance  in  tne  final  analysis. 

All  of  these  criteria  emphasize  careful  planning  if  any  degree  of 
success  in  reforestation  is  to  be  achieved  un.der  the  severe  climatic 
conditions  of  the  Intermountain  re^^ion. 
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INTRODUCTION 

Thrco  main  problems  confront  tho  silviculturist  in  managing  forested 
land--tho  removal  of  merchantable  timber,  tho  managomont  of  tho  residual 
stand,  and  the  securing  of  reproduction  to  supplement  that  which  remains 
aftor  logging.  Tho  first  is  generally  oonsidored  to  be  difficult  enough; 
tho  second  and  third  oven  moro  so.   Tho  actual  procossos  of  troo  marking, 
foiling,  bucking,  skidding,  and  hauling  are  straightforward  procedures 
requiring  manpower  and  machinery.   But  just  exactly  how  this  is  done  is 
of  vital  concern  to  tho  forester  because  while  he  is  greatly  interested 
in  tho  volume  per  aero  that  can  bo  removed  from  tho  land  at  a  profit,  ho 
is  oven  moro  intorostod  in  tho  condition  of  the  area  aftor  logging,  tho 
loss  of  trees  during  the  process,  subsequent  mortality,  and  tho  growth 
and  development  of  tho  trees  that  aro  left. 

Having  decided  how  much  volume  por  acre  and  what  kind  and  size  of 
trees  composing  that  volume  will  be  reraovod,  the  forester  immediately 
reflects  on  what  v;ill  bo  growing  on  tho  area  five  years  aftor  logging 
bocauso  this  growing  stock  will  determine  not  only  future  growth  por  acre 
but  tho  approximate  dates  of  later  harvests.   In  other  words,  ho  strives 
for  a  completely  stocked  stand  from  1-yoar-old  soodlings  to  trees  which 
will  bo  mature  at  tho  end  of  tho  next  cutting  cycle.   Some  of  those  troos 
will  have  boon  destroyed  during  tho  logging;  others  may  die  shortly 
thereafter  duo  to  insects,  pathogens,  or  wind.   Fire  must  bo  oxcludod  if 
further  losses  aro  to  bo  prevented.   Tho  number  of  troes  of  the  younger 
ago  classes  and  their  distribution  aro  therefore  extremely  important 
from  tho  standpoint  of  future  management  sinco  those  stems  aro  tho  basis 
of  later  cuts. 

These  considerations  are  particularly  true  of  central  Idaho  where 
many  factors,  particularly  tho  lack  of  seasonal  precipitation  or  regular 
heavy  socd  crops  and  tho  prosonce  of  competing  vogoxation,  militate 
against  the  successful  establishment  of  natural  reproduction. 

1/  This  study  was  conceived  and  designed  by  C.  A.  Connaughton.   Tho 
field  work,  done  in  1932,  was  carried  out  by  T.  E.  Maki,  E.  L. 
Mowat,  A.  Fawcott,  and  William  David.   Compilations  wore  made  by 
E.  L.  Mowat,  T.  C.  Ponder,  and  R.  W.  Dingle. 


At  tho  prosont  time  (1950) ,  pondorosa  pino  is  tho  most  valuable  com- 
morcial  troo  spocios  in  central  Idaho.   It  has  boon  ostimatod§/  that  this 
spocios  loads  all  othors  in  distribution  ovor  tho  aroa,   Pondorosa  pino 
has  always  comprisod  tho  largest  porcontago  of  tho  total  volumo  cut  in 
tho  Intortnountain  Rogion  sinco  cutting  bogan  in  Idaho  in  1863  when  a  mill 
was  ostablishod  in  tho  Boiso  Basin.   In  general,  its  stands  aro  tho  most 
accossiblo,  its  troos  tho  largest,  and  its  lumber  value  the  highest  of 
all  species  native  to  the  region. 

Objoct  of  Study 

To  detcrmino  tho  amount  and  distribution  of  reproduction  and  advance 
growth  from  1-yoar  seedlings  to  timber  size  troos  on  cut-over  areas  rop- 
rosontative  of  central  Idaho,  a  study  of  cut-over  areas  in  four  locations 
where  tho  date  of  logging  preceding  the  examination  varied  from  7  to  26 
years,  was  instituted  in  1932.  Tablo  1  presents  some  information  regard- 
ing those  areas  and  figure  1  shows  their  location. 


Table  l.--Namo  and  location  of  areas,  date  of  logging,  and  number  and 
volumo  by  porcontago  of  troos  removed 


Nome 


Location 


Date  of 
logging 


Yoars 

sinco 

logging 


Trees  removed 


Number 


Volume 


Percent 


Porcont 


Clear  Cr. 

T8N, 

R6E, 

Sec. 

29 

• 

N.  F. 

32 

1924-25 

8 

53 

79 

Private 

T8N, 

R5E, 

Sec. 

36 

1924-25 

8 

86 

98 

Lowman 

T9N, 

R7E, 

Soc. 

27 

1906-07 

26 

37 

58 

Pearsol 

Crook 

T14N, 

R4E, 

Soo. 

21 

1924-25 

8 

48 

81 

Rock  Flat 

East 

T19N, 

R2E, 

Sec. 

35 

1925-26 

7 

58 

80 

Wost 

T19N, 

R2E, 

Sec. 

36 

1924-25 

8 

53 

83 

Areas  Studied 

The  topography  of  central  Idaho  is  rough,  consisting  of  major  and 
minor  drainages  and  varying  in  elevation  from  3,000  to  10,000  foot. 
Pondorosa  pino,  together  with  some  Douglas-fir  on  north  slopes,  is  found 
at  elevations  of  3,000  to  7,000  feet  abovo  sea  level.  All  of  tho  study 
areas  are  within  tho  middle  altitudinal  range  of  pondorosa  pino  in  this 


2,      United  States  Department  of  Agriculture.   The  national  forests  of 
Idaho.   Misc.  Circ.  61.  34  pp.,  HIus.   1926. 
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Figure  1.     Location  of  study  areas. 


(iORICDLIUIiE  -  OODEX) 


region  (4,000  to  5,000  feet  above  sea  level).   Within  the  series,  small 
differences  in  climate,  altitude,  aspect,  slope,  and  soil  are  reflected 
in  stand  structure  and  composition,  form  and  rate  of  growth  of  the  trees, 
and  frequency  and  abundance  of  reproduction.   Site  quality,  according  to 
the  interregional  classification,  is  largely  in  classes  III  and  IV,  with 
a  small  proportion  of  area  in  sites  I,  II,  and  V.  Topography  of  the 
tracts  studied  is  from  rolling  to  moderately  rough  and  steep- -about  aver- 
age for  the  ponderosa  pine  lands  bearing  commercial  stands. 

All  areas  studied  fall  in  the  ponderosa  pine  type  of  central  Idaho; 
soils  are  characterized  by  gravelly,  sandy  loams  of  granitic  origin  which 
vary  in  depth  depending  on  topography.  The  only  exception  is  the  Rock 
Flat  area  where  the  soils  are  fine  clay  loam  of  basaltic  origin,  red- 
brown  in  color,  decidedly  sticky  when  wet  and  lacking  the  high  proportion 
of  gravel  common  to  the  pure  granitic  soils  of  southern  Idaho. 

Of  greatest  importance  in  the  region  is  the  amount  of  annual  and 
seasonal  (May,  June,  July,  and  August)  rainfall  v/hich,  seldom  exceeding 
25.00  and  5.00  inches,  is  generally  insufficient  to  insure  germination 
and  establishment  of  reproduction  annually.  The  granitic  soils  have  a 
low  water  retaining  capacity  and  hence  the  seedlings  endure  a  continuous 
struggle  for  survivalafter  germination.  When  a  medium  to  heavy  seed  year 
occurs  and  there  follows  a  favorable  spring  and  early  summer  (rainfall 
higher  than  average),  ample  establishment  of  reproduction  results  and 
invariably  persists  to  an  appreciable  degree. 

Previous  Studies 

Baker—/  considers  that,  for  establishment,  100  seedlings  per  acre 
are  an  adequate  minimum,  that  600  seedlings  per  acre  are  ideal,  and  that 
1,500  seedlings  per  acre  are  a  safe  maximum.  Ho  found  that  in  the  Boise 
Basin  where  90  percent  of  the  volume  was  removed,  there  wore  142  stems 
per  acre  under  4  inches  d.b.h.   TOion  35  to  65  percent  was  cut,  there  wore 
442  stems  per  acre;  in  light  cuttings,  when  up  to  35  percent  v;as  cut,  510 
stems  per  aero  were  found.  These  figures  compare  with  475  stems  per  aero 
in  virgin  stands.   Baker  concluded  that  for  all  except  north  oxposuros, 
and  unless  over  80  percent  by  volume  of  the  stand  is  cut,  some  500  trees 
per  acre  may  be  expected  in  the  first  decade  after  cutting. 

While  the  study  was  not  strictly  comparable  beco,use  of  sizes  tal- 
lied, MilosV  found  on  a  10  percent  cruise  of  1,400  acres  on  Poarsol 
Crook  that  after  a  76  percent  cut  by  volume,  thoro  wero  only  16  trees 
per  acre  of  the  2  and  4  inch  d.b.h.  classes.   On  other  areas  in  the 
same  general  vicinity,  however,  BakerV  found  as  high  as  6,380  seedlings 
per  acre.   Obviously,  there  is  considerable  variation  in  reproduction 
per  acre  after  legging. 


3_/  Baker,  F.  S.   Study  of  cut- over  areas  in  western  yellow  pino,  Boise 

Basin,  Idaho.   U.  S.  Forest  Service,  Ogdon,  Utah.   1922.   (unpublichod). 

4/  Miles,  Clark.   Notes  on  certain  area  studios.   9  pp.   U.  S.  Forest 
Service,  Ogdon,  Utah.   1929  (Unpublishon; . 

5/  Baker,  F.  S.   Vifesccrn  yellow  pine  in  southern  Idaho.   37  pp.   U.  S. 
Forest  Service,  Ogden,  Utah.   1922.   (Unpublished). 
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Throughout  southern  Idaho  it  is  a  common  and  accurate  observation 
that  areas  which  have  been  cut  over,  regardless  of  the  amount  of  volume 
per  acre  removed  by  logging,  become  restocked  by  natural  means  providing 
there  has  been  no  invasion  by  fire.  This  is  even  true  of  areas  denuded 
by  placer  mining  which  represents  the  extreme  in  timber  stripping.  On 
these  areas,  where  no  semblance  of  a  soil  horizon  exists  and  where  seed- 
beds are  as  severe  as  any  that  can  be  found,  it  is  significant  that  es- 
tablishment and  growth  of  reproduction  occurs  at  all.  In  some  instances 
the  progress  may  be  slowed  by  the  invasion  of  brush  but  the  end  result 
is  the  same.  Given  sufficient  time,  it  would  appear  then  that  ponderosa 
pine  is  a  hardy  and  persistent  species  capable  of  reproducing  itself 
under  almost  any  condition,  providing  fire  is  excluded. 

There  is,  however,  another  aspect  of  the  situation  that  must  be  con- 
sidered involving  two  important  factors  which  can  easily  be  overlooked 
or  at  least  not  fully  appreciated.  First  is  the  question  of  the  amount 
and  distribution  of  seedlings  and  saplings  destroyed,  directly  or  in- 
directly, as  a  result  of  logging.  Mowat2/  in  an  examination  of  seven 
10-acre  sample  plots  in  the  Boise  Basin  found  that  1,070  seedlings  and 
saplings,  7«5  poles,  and  0.7  merchantable  trees  per  acre  were  destroyed 
in  the  operation  of  tractor  logging.  An  additional  5iiU  seedlings  and 
saplings  and  6.2  poles  per  acre  were  killed  by  piling  and  burning  slash. 
It  can  be  readily  appreciated,  therefore,  that  loss  of  valuable,  future 
crop  trees  can  be  substantial.  Considering  the  time  required  for  these 
trees  to  establish  themselves,  the  timber  producer,  public  or  private, 
can  ill  afford  such  drastic  losses. 

It  is  fully  appreciated  that  no  timber  extraction  can  take  place 
without  damage  and  loss  to  growing  stock.   It  becomes  a  task,  then,  of 
reducing  logging  losses  to  a  minimum,  which  should  be  given  a  priority 
second  only  to  fire  prevention.  This  can  be  accomplished  only  by  a  full 
contract  agreement  reinforced  by  close  and  constant  cooperation  with  woods 
crews  during  the  operation.   This  is  a  phase  of  timber  management  that 
pays  substantial  dividends  in  the  form  of  sufficient  growing  stock  per 
acre  suitably  distributed  in  future  cuts. 

The  second  factor  involves  the  rate  of  reproduction  establishment. 
Figures  are  often  deluding.  The  question  is,  if  through  logging  and 
slash  disposal  a  30  percent  reduction  in  young  growing  stock  can  be  ex- 
pected, how  long  will  it  take  to  reacquire  this  loss  and  perhaps  gain 
what  is  necessary  to  have  a  sufficient  number  of  stems  per  acre?  Cut- 
ting timber  in  such  a  way  that,  everything  considered,  this  time  is 
reduced  to  a  minimum  should  be  the  aim  of  those  responsible  for  ponderosa 
pine  management  and  research.  More  observations  and  investigations  are 
needed  to  make  this  possible. 


bj    Mowat,  E.  L.  Damage  bj'-  logging  and  slash  disposal  in  Idaho 
ponderosa  pine.   Jov.r,  Forestry  38:2U7-255.   19iiO, 
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The  areas   covered   in   this   study  are    of  more  than   ordinary  interest 
because  they  represent  some   of  the  earliest  cutting  on  private  and 
national  forest   land,    dating  as  far   back  as   I906.     All  logging  was  done 
by  horses.      Thus,   an  opportunity  is  afforded  to  exair.ine  these  early  cut 
areas  and   find   out  the  amount,    kind,  and  di  stri  bvition  of  reproduction   on 
them. 


MTURE  OF  CUTTINGS 

As  table  1   indicates,   the  cuttings   varied  greatly  in    se\''erity  and 
while  the  study  was  largely  confined  to  national  forest  areas   sorie  pri- 
vate land  in  Clear  Creek  was    included.     Although  this   report  presents 
and  discusses  differences  found   in  these   casos,    no   implication  is   in- 
tended tiiat  the    results  apply  to  private  cut-over   Iraid   in  general. 

Clear  Creek  -  The  marking  rules  prescribed  that  not  less  than  o5 
percent   of  the   live  ponderosa  pine    should   be  r.jarked  for  cutting.     All 
marked  diseased   trees  and  all  unmerchantable   dead  trees  on  the   salo   area 
v;ere   cut  provided  that  such   trees  did   not   exceed  an  average   of   one  per 
acre  for  the  entire   area. 

On  public   land,  fuel  for  loading-donkeys  was  free   if  taken  from  un- 
merchantable trees  or   thu  tops  of  merchantable  ones,      ivlerchantable  pine 
and  Douglas-fir  used  for  construction  were   to  be  paid  for  at  prevailing 
rates. 

Low  man  -  In  this  early  sale,   it  appears  that  the  marking  rules  and 
supervision  vi/ere  unusually   stringent    for  tlie   times   but  of  interesting 
significance,      uo  living  trees,   including  those  to  be   used  for  chutes  and 
other  construction,  were   to  be  cut  until   marked   by  the  forest  officer. 
"All  marked  and  all   dead  tiraber  sound  enough  for  lumber   of   any  merchant- 
able  grade   shall  be   cut.     Unmarked  living  trees  which  are  cut,  marked 
trees  left  uncut,  timber  wasted   in  tops,    stumps,    and  partially   sav/od  logs 
and  dead  timber  standing   or  down  v/hich   is  merchantable  in  the   jUvi.'Tient   of 
the  forest   of  ficer. .  .v^hich   is   not  removed. .  .shall  be   scaled  and  paia  for 
at  double  the  agreed   contract  price." 

An  interesting  and  commendable   clause   of   this   contract  fixed  a 
penalty  for  damage  to  standing  unmarked  trees   regardless   of  size,      "No 
avoidable  damage   shall  be  done   to  the   young  grov^th  or  to  trcos  left 
standing  and  no  trees   shall  be  left  lodged   in  the  process  of  felling. 
If  live  trees  not  marked  for   cutting   are    injured   in  the  process   of  logging 
under   this   contract  when   such  injury   could   have   been  prevented  with  re^json- 
ablc   care,    full  payment   shall  be  made   for   their   totr,  1   contents   in   board 
feet,    log   scale,    at   twice   the   stumpagi.    nrice   fixed  by  the  contract. 

"V/ork  may  be    suspended  by  the     forest   officer  in  charge   if  the   regula- 
tions contained   in  this   contract   are   disregarded.      The  violation   of  uny 
one   of  the    foregoing  regulations,    if   persisted   in,    sh^^ll  be   sufficient 
cause  for   thu  forester  bo  revok-  this   contract  end  to   cancel  all  permits 
for  other  privileges." 
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Pearsol  Creek  -  The  cutting  contract  for  this  area  required  that  not 
less  than  75  percent  by  volume  of  the  merchantable  live  timber  down  to  12 
inches  d.b/n.  bo  ncrkod   for  cutting. 

Rock  Flat  -  Cu^c;lri,<5  rules  provided  thr.t  not  less  than  85  percent  of 
the  total  stand  of  iii3ichantable  live  timber  or  trees  12  inches  and  over 
d.b.h.  should  be  marked  for  cutting. 


METHOD  OF  STUDY 

Field  procedure  -  Lines  were  run  every  5  or  10  chains  from  reference 
points  a-'i  vich  circular  ^-acre  sample  plots  at  intervals  of  2^^  or  5 
chain',  re  suiting  in  10  percent  sampling  for  some  areas  and  5  ot-.rcent  for 
otherr: .   Only  a  portion  of  the  full  area  of  most  of  the  cutting  units  was 
covered. 

On  a  strip  10  links  wide  and  1  chain  long  on  the  cruise  line  and 
just  prancdinij  each  p?,'-!*-.  conter,  reproduction  (up  -bo  3.5  inores  d.b.h.) 
was  tal'.i-.id  by  spooios  end  by  size  classes.   3ub3oq.i:n'.  reproduction 
(i.e.,  seedlings  originating  after  logging)  was  scg:.C;;aT:ed  from  advance 
reproduction  (i.e.,  seedlings  originating  before  logging). 

Stocking  of  the  area  was  determined  by  a  tally  of  quadrats  each 
25  liriks  long  and  21.8  links  wide  in  a  contjnuour.  str-ir  c'ior.g  the  trar^sect 
line,   nris  sise  of  quadra'^:,  containing  242  sqaarc  f ec  !•■  v/as  based  upon  a 
desirable  sxockrng  of  130  trees  per  acre,  evenly  dini ributed,  as  100  per- 
cent.  Each  quadrat  v^as  recorded  as  stocked  if  i'i  had  ono  or  more  living 
trees  on  it,  and  the  sii:e-olass  of  trees  comprising  tho  stocking  (repro- 
duction, poles,  or  saw  log  trees)  was  noted  by  code  numbers.   In  order  to 
approximate  stocking  before  logging,  the  presence  of  stumps  or  dead  trees 
was  also  noted. 

The  record  of  reproduction  v/as  tabulated  in  stand  table  form,  tho 
factor  of  aspect  being  added  to  the  type-age-sito  division.  The  quadrat 
stocking  data  were  compiled  to  show  original  and  present  stocking  per- 
centages on  each  aspect  of  each  typo,  both  total  stocking  and  by  each  of 
tho  three  size-classos  of  trees. 

Tho  quadrat  stocking  percentages  were  subjected  to  a  critical 
analysis  in  various  ways.   In  general  it  can  bo  assumed  that  tho  survey 
data  yielded  samples  of  areas  sufficiently  reliable  for  purposes  of  the 
study. 

While  lodgopolo  pine,  Engolmann  spruce,  and  alpine  fir  were  tallied 
separately,  they  have  been  included  with  Douglas-fir  in  the  compilations 
since  their  numbers  wore  small  and  irregularly  distributed. 


RESULTS  BY  AREAS 

Clear  Creek  National  Forost  Land 

Reproduction  -  When  aspects  are  considered,  the  north  aspect  has  by 
far  the  largest  total  reproduction  (up  to  3  inches  d.b.h.)  as  can  be  seen 
from  figure  2,   The  creek  bottom  has  the  least.   All  other  aspects  have 
from  one-third  to  one-half  the  reproduction  of  the  north  aspect.   Obvioirs 
also,  is  the  preponderance  of  Douglas-fir  over  ponderrsa  pine,  particu- 
larly on  north  aspects.   For  all  aspects,  there  is  a  dearth  of  post- 
logging  reproduction  in  the  7  years  since  logging. 

When  aspects  are  ignored  and  the  two  main  typos  of  ponderosa  pine 
and  Douglasffir  are  considered  (fig.  3),  it  is  seen  that  in  the  fcrmor 
type,  ponderosa  pine  reproduction  is  only  slightly  in  excess  of  Douglas - 
fir;  in  the  Douglas-fir  typo,  there  is  but  a  modicum  of  pine.   For  b^h 
types,  the  amount  of  reproduction  since  logging  is  extremely  small. 

Quadrat  stocking  -  The  most  striking  fact  gleanablo  from  figure  4 
is  the  low  proportion  of  quadrats  bearing  poles  compared  to  the  higher 
proportion  bearing  reproduction.   This  holds  true  for  both  types.   After 
cutting,  however,  there  is  a  much  more  satisfactory  distribution  of  quad- 
rats bearing  trees  of  different  sizes  on  national  forest  than  on  private 
land.   Also  by  comparison,  it  can  be  seen  that  loss  by  cutting  affected 
stocking  more  adversely  on  private  land  than  on  national  forest  land. 
Ideally  at  least,  the  percentages  supporting  the  three  classes  of  trees 
should  be  equal. 

Clear  Creek  Private  Land 

Reproduction  -  Considering  aspects  only,  the  north  aspect  has,  like 
the  national  forest  land,  by  far  the  most  reproduction  and  the  creek  bot- 
tom the  least  (fig.  5).   This  area  differs  sharply  from  national  forest 
land  in  the  amount  of  reproduction,  both  pine  and  fir,  on  the  ridge  as- 
pect and,  to  a  lesser  extent,  the  amount  of  both  species  on  the  south, 
east,  and  west  aspects. 

When  aspects  are  ignored  and  types  only  considered,  it  can  be  seen 
from  figure  3  that  Douglas-fir  predominates  in  both  types.   It  can  be 
seen  further  that  there  is  a  dearth  of  post-logging  reproduction  in  both 
types.   Far  more  interesting,  there  is  much  more  reproduction  (nearly 
twice  as  much  totally)  on  private  land  whore  some  98  percent  of  the 
volume  and  86  percent  of  the  number  of  trees  were  removed  than  on  national 
forost  land  where  only  79  percent  of  the  volume  and  53  percent  of  the 
number  of  trees  were  removed. 

Quadrat  stocking  -  It  is  to  bo  noted  and  appreciated  from  figure  3 
that  reproduction  per  acre  before  logging  on  private  land  is  considerably 
greater  (and  very  much  greater  in  the  fir  typo  than  on  Government  land). 
In  view  of  this  it  is  not  difficult  to  understand  why  there  resulted  full 
stocking  in  the  fir  type  on  private  land  and  only  61.5  percent  stocking 
on  Government  land.   More  significant,  however,  is  the  fact  that  even 
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Figure  2.   Reproduction  of  Douglas-fir  and  ponderosa  pine  by  aspects  and  size  classes  before  and  7  years 
after  logging  on  Clear  Creek  area  (Boise  National  Forest).  Logging  done  in  192lj-25  season. 
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Figure  3.   Reproduction  of  ponderosa  pine  and  Douglas-fir  within  their  respective  types  before  and  7  years 
after  logging  on  private  and  national  forest  land  (Clear  Creek  area). 
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Figure  5.   Reproduction  of  Douglas-fir  and  ponderosa  pine  by  aspects  and  size  classes  before  and  7  years 
after  logging  on  Clear  Creek  area  (private  land).   Logging  done  in  19214-25  season. 


with  high  numbers  of  roproduction  por  acre  on  private  land,  the  stocking 
in  the  pine  typo  on  Government  land  is  not  only  higher  than  on  private 
land  but  is  constituted  of  a  high  proportion  of  reproduction,  poles,  and 
timber.   Likewise  the  representation  of  size  classes  in  the  fir  type  is 
more  equitably  distributed  oven  though  the  stocking  por  acre  is  lower. 

Lowman  Area 

Reproduction  -  The  most  impressive  fact  on  the  Lowman  area  is  the 
amount  of  postlogging  roproduction  which  exceeds,  in  many  instances  by 
a  wide  margin,  the  amount  of  prelogging  roproduction.   This  relationship 
holds  true  regardless  of  aspect  or  forest  type  (figs,  6  and  7).   Notable, 
too,  as  in  Clear  Creek,  is  the  small  amount  of  roproduction  of  all  kinds 
in  the  creek  bottom  and  the  abundance  on  the  ridge  aspect.   The  greatest 
amount  of  this  roproduction  as  would  bo  anticipated,  is  in  the  youngest 
ago  class  (O  to  4.5  feet  in  height).   The  south  aspect  has  less  repro- 
duction por  acre  than  all  except  tho  creek  bottom.   Only  on  the  north 
aspect  does  postlogging  Douglas-fir  reproduction  outnumber  the  pine,  al- 
though it  is  liberally  represented  in  tho  ponderosa  pine  type. 

Quadrat  stocking  -  This  area,  as  can  be  seen  by  rof erring  to  figure 
8,  was  well  stocked  ("68  percent  in  the  ponderosa  pine  type  and  80  percent 
in  tho  fir  type)   before  logging  with  the  result  that  stocking  after  log- 
ging was  still  strikingly  high  (80  percent  and  89  percent)  for  both  typos. 
There  is  a  slightly  more  desirable  stocking  in  tho  fir  type  from  tho 
standpoint  of  size  distribution  than  in  tho  pino  typo. 

Poarsol  Creek  Area 

Reproduction  -  Most  striking  on  tho  Poarsol  Creok  area  (seo  fig.  9) 
is  tho  negligible  amount  of  postlogging  reproduction  which  has  appeared 
during  the  7  years  since  logging.   Noteworthy  also  is  the  greater  pro- 
portion of  pine  over  fir  on  all  aspects  except  north  and  creek  bottom, 
the  latter  running  lowest  of  all  aspects  as  in  previous  areas.   When  tho 
area  is  considered  by  separate  typos  (fig.  7)  it  can  bo  soon  that  thore 
is  more  fir  in  proportion  to  pine  in  tho  Douglas-fir  type  than  thore  is 
pino  in  proportion  to  fir  in  the  pine  type.   Hero  again,  the  largest  pro- 
portion of  reproduction  is  in  the  youngest  age  class  and,  again  as  at 
Clear  Crook  thore  is  a  dearth  of  postlogging  reproduction. 

Quadrat  stocking  -  Roferonco  to  figure  8  shows  that  in  each  typo  as 
in  tho  case  of  Clear  Crook  Government  land,  there  has  been  a  slight  de- 
crease in  stocking  in  both  types  in  the  8  years  after  cutting.   It  can 
be  seen  that  there  is  a  fair  representation  of  ago  classes  on  the  per- 
centage of  area  stocked  and  like  the  Clear  Creek  area  the  gain  in  stock- 
ing from  reproduction  subsequent  to  logging  has  been  discouragingly 
meager. 

Rock  Flat  Area 

Reproduction  -  On  Section  35  of  the  Rock  Flat  area,  only  east  and 
west  aspects  wore  involved.  The  reproduction  per  acre  on  oast  and  west 
aspects  is  loss  than  for  any  comparable  aspects  of  tho  other  areas 
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Figure  o.   Reproduction  of  Douglas-fir  and  ^onderosa  pine  by  asoects  and  size  classes  before  and  26  years 
after  logging  on  Lowman  area  (Boise  liational  Forest).   Logging  done  in  1906-07  season. 
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Figure  7.  Reproduction  of  ponderosa  pine  and  Douglas-fir  within  their  respective  types  before  and  after 
logging  on  the  Loranan  and  Pearsol  Creek  areas,   (Lowman  area  logged  in  1906-07;  Pearsol  Creek  in  192i;-2?. ) 
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Figure  9.  Reproduction  of  Douglas-fir  and  ponderosa  pine  by  aspects  and  size  classes  before  and  7  years 

after  logging  on  the  Pearsol  Creek  area. 


studied  (fig.  10).   Very  littlo  roproduction  has  ostablishod  itsolf  dur- 
ing the  7  years  since  logging.   On  both  aspects  there  is  substantially 
loss  pondorosa  pine  than  there  is  Douglas-fir. 

On  Section  36,  v/here  only  north,  south,  and  west  aspects  wore  en- 
countered, there  is  even  less  reproduction  of  both  species,  particularly 
on  north  and  south  aspects.   On  the  west  and  south  aspects  there  is  more 
pine  in  relation  to  fir  than  on  Section  35  but  for  the  throe  aspects  as 
a  group,  fir  predominates.   There  has  occurred  no  postlogging  reproduc- 
tion on  north  and  south  aspects  and  very  little  on   the  west  aspect  in 
the  8  years  since  logging.   The  same  general  relationship  of  Douglas-fir 
preponderance  and  a  paucity  of  postlogging  roproduction  holds  true  when 
types  rather  than  aspects  are  considered  except,  of  course,  that  there 
are  higher  numbers  of  pine  and  fir  per  aero  (fig,  11).   In  both  types  the 
largest  proportion  of  reproduction  is  in  the  smallest  (O  to  4^  feet  tall) 
ago  class. 

Quadrat  stocking  -  In  Section  35  there  are  more  quadrats  stocked 

with  reproduction  than  other  classes  although  distribution  of  all  classes 

is  fairly  well  represented,  excepting  timber  in  the  ponderosa  pine  type 
(fig.  12). 

Section  36  shows  somewhat  similar  relationships  within  and  between 
types  except  that  there  is  lower  stocking  in  each  typo  than  in  section 
35,  and  also  fewer  quadrats  stocked  iy  the  various  kinds  of  roproduction. 
This  area,  in  common  with  Clear  Creek  and  Poarsol  Creek  shows  a  decrease 
in  stocking  since  logging. 


GENERAL  RESULTS 

i' •    The  question  might  now  bo  asked:   "What  results  common  to  all  areas 
land  what  results  uncommon  to  all  areas  appear  to  bo  of  particular 
significance?" 

Reproduction  before  and  after,  logging  -  The  greatest  amount  of  post- 
logging  reproduction  per  acre  (0  feet  tall  to  3  inches  d.b.h.)  occurs  on 
the  Lowman  Area  and  exceeds  substantially  the  amount  on  each  of  the  other 
areas.   This  holds  true  for  both  species  in  both  types  and  for  the  two 
species  where  aspects  alone  are  considered.  The  most  striking  feature  of 
the  Clear  Creek,  Pearsol  Creek,  and  Rock  Flat  areas  is  the  scarcity  of 
postlogging  reproduction  compared  to  prelogging  reproduction.   For  all 
areas  the  greatest  amount  of  total  reproduction  occurred  on  either  the 
north  or  ridge  aspect  and  least  on  the  creek  bottom  aspect.   On  all  areas, 
for  each  aspect  and  for  each  type,  the  greatest  amount  of  reproduction  is 
in  the  0  to  4^  feet  height  class,  with  tho  exception  of  a  single  south 
aspect  on  Clear  Creek. 

On  all  areas  there  is  a  higher  number  of  seedlings  and  saplings  per 
acre  in  the  Douglas-fir  type  than  in  the  ponderosa  pine  type  and,  in  ad- 
dition, more  Douglas-fir  reproduction  in  the  fir  type  than  ponderosa  pine 
reproduction  in  the  pine  type.   It  can  be  seen,  too,  that  with  tho 
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Figure  10.  Reproduction  of  Douglas-fir  and  ponderosa  pine  by  aspects  and  size  classes  before  and  7  years 

after  logging  on  the  Rock  Flat  area. 
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Figure  11.  Reproduction  of  ponderosa  pine  and  Douglas-fir  within  their  respective  types  before  and  7  years 

after  logging  on  the  Rock  Flat  area. 
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exception  of  one  west  aspect  on  Rock  Flat,  ponderosa  pine  predominates 
on  all  south,  west,  and  ridge  aspects  while  Douglas-fir  predominates  on 
all  north  aspects. 

In  view  of  the  time  which  elapsed  since  logging  on  the  Lowman  area 
(26  years)  it  is  not  surprising  to  find  a  greater  amount  of  reproduction 
since  cutting  than  on  other  areas.   Judging  from  reports  written  before 
and  after  the  logging  on  this  area,  however,  there  was,  in  the  first 
place,  good  advance  reproduction  and,  in  addition,  an  excellent  seed 
crop  in  1906.   Furthermore,  it  appears  quite  possible  that  subsequent 
good  seed  years  occurred  and  these  may  have  been  followed  by  good  grow- 
ing seasons  in  the  period  since  cutting. 

Reproduction  in  relation  to  volume  removed  -  The  Lowman  area  had 
the  least  volume  per  acre  removed (58  percent)  and  was  cut  to  the  highest 
diameter  limit  (20  inches  d.b.h.  for  pine  and  16  inches  for  fir).   By 
contrast,  the  private  land  on  Clear  Creek  had  the  greatest  volume  removed 
(98  percent)  and  the  lowest  diameter  limit  (10  inches  d.b.h.  for  both 
species) . 
.'ii 

For  comparative  purposes  it  is  unfortunate  that  for  both  typos,  the 
amount  of  reproduction  up  to  3  inches  d.b.h.  on  private  land  equalled  or 
exceeded  that  on  national  forest  land  on  all  aspects  before  cutting 
began.   There  is  slightly  more  reproduction  after  logging  on  private 
land  than  on  national  forest  land.   Previous  studiosZ'  have  shown  that 
in  selectively  cut  stands  (reserve  of  6,000  board  feet  per  acre)  there 
was  more  than  twice  the  seodfall  in  virgin  forests.   It  has  also  been 
found®/  that  there  was  ample  reproduction  up  to  100  feet  surrounding  seed 
trees.   Actually,  then,  it  is  likely  that  factors  other  than  volume  re- 
moved per  acre  (possibly  the  greater  proportion  of  dictvirbod  soil)  ex- 
plain the  establishment  of  slightly  more  reproduction  per  acre  on  an  area 
where  there  was  actually  a  smaller  seed  source. 

Comparisons  before  and  after  logging  on  the  "cat"  logged  area  on 
Pine  Creek  are  not  available  but  for  the  15-year  period  since  logging,  on 
a  350  quadrat  sampling  of  72  acres  it  was  found  that,  considering  the 
ponderosa  pine  type  alone  with  a  representation  of  Douglas-fir,  there  was 
an  over-all  net  decrease  in  numbers  of  reproduction  (O  to  3.6  inches  d.b.h.) 
of  4.5  percent.   While  the  pine  had  shown  an  11,6  percent  increase,  the 
fir  had  decreased  22.2  percent. 

The  striking  amount  of  postlogging  reproduction  on  the  Lowman  area 
lis  certainly  more  than  coincidnntal  and  exceeds  considerably  the  amount 
[of  prelogging  reproduction.   Furthermore,  the  bulk  of  it  is  in  the 


I?/  United  States  Forest  Service.  Intormountain  Forest  and  Range  Experi- 
ment Station.  Annual  Report  1936-37.  pp.  76-77,  Ogden,  Utah.  1937 
(Mimeographed) . 

5/  United  States  Forest  Service.   Intormountain  Forest  and  Range  Experi- 
ment Station.   Annual  Report  1935-36.   p.  23.   Ogden,  Utah.   1936. 
(Mimeographed) , 
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smallest  (youngest)  age  class.   From  what  records  are  available,  heavy- 
seed  years  in  southern  Idaho  occur  at  about  8-year  intervals.   But  heavy 
seed  years  do  not,  in  themselves,  insure  seedling  establishment;  they 
must  be  followed  by  favorable  (wet)  growing  seasons.   Just  what  interval 
must  elapse  before  these  two  phenomena  coincide  is  unknov/n  and  unpredict- 
able but  obviously  the  longer  the  period,  the  greater  the  liklihood  of 
coincidence. 

It  will  be  noticed  also  that  there  is  a  higher  gain  (15.2  percent 
in  the  pine  type  and  12,9  percent  in  the  Douglas-fir  type)  in  the  stock- 
ing since  cutting  class  in  the  Lowman  area  than  any  other. 

Reduction  in  stocking  due  to  type  of  logging  -  Since  all  study 
areas  were  logged  by  horses  the  only  comparison  available  is  with  the 
Pine  Creek  sale  on  the  Experimental  Forest  which  v/as  logged  by  tractors 
with  "arches"  and  "pans."  Mowat^/  found  that  the  percentage  of  area 
stocked  by  trees  of  all  sizes  was  reduced  by  12.4  percent  to  65.4  per- 
cent by  skidding,  some  15  percent  below  what  can  be  considered  satis- 
factory.  As  can  be  seen  from  figure  4,  there  was  more  than  twice  the  loss 
on  the  horse-logged  Clear  Crook  private  land  (the  highest  loss  of  all 
areas)  than  on  Government  land  in  the  pondorosa  pine  typo.   This  was  in 
spite  of  the  fact  that  before  logging  there  was  greater  stocking  on  the 
former  than  on  the  latter.   Unfortunately  direct  comparisons  are  not 
available  sinco  losses  due  to  logging  and  slash  burning  were  not  separ- 
able accurately  when  tallying  in  the  present  study  was  done. 

Mortality  -  When  all  sizes  of  trees  are  considered,  from  seedlings 
to  mature  trees,  it  is  interesting  to  noto  that  the  greatest  mortality 
during  and  after  logging  occurred  on  private  land  on  Clear  Crook  in  the 
pine  type.   It  is  anomalous  that  thore  should  bo  no  recorded  losses  in 
the  Douglas-fir  type  in  the  same  area  although  this  is  doubtless  duo  to 
tho  hoavy  stocking  of  trees  loss  than  9.5  inches  before  logging.   Ex- 
cepting this  instance,  all  losses  in  stockirgwero  higher  in  the  fir  type 
than  in  tho  pine  typo.   This  trend  is  somewhat  neutralized  when  reproduc- 
tion from  0-3.5  inches  d.b.h.  only  is  considered,  although  tho  Clear 
Croek  aroa  still  exhibits  the  greatest  damage  in  tho  pine  type  and  least 
in  tho  fir  typo. 

Size  classes  -  For  ideal  distribution  there  should  bo,  for  oach  aroa, 
tho  same  proportion  of  stocking  for  each  size  class.   Admittedly  this  is 
one  of  the  most  difficult  tasks  to  achieve  in  the  managed  forest  and  one 
of  the  main  goals  toward  which  silvicultural  cuttings  are  aimed.   Some 
idea  of  the  distribution  of  size  classes  can  be  gained  from  reference  to 
figs.  4,  8,  and  12.   Several  striking  points  are  evident  in  these  figures. 
The  Clear  Creek  pine  type  private  land- -which  was  cut  heaviest- -has  the 
lowest  stocking  of  any  area  in  all  size  classes;  the  Lowman  area- -which 
was  cut  lightest--has  the  highest.   While  the  fir  type  in  Clear  Creek 
private  land  is  100  percent  stocked,  superficially  suggesting  satisfactory 
condition,  it  will  bo  seen  that  there  is  no  stocking  whatever  in  the  9.6 


9/  Mowat.   Damage  by  logging  and  slash  disposal  in  Idaho  ponderosa  pine. 
Reprinted  from  Jour.  Forestry  38(3).   pp.  247-255.   March,  1940. 
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inch  d.b.h.  class  and  up  which  means  that  while  net  annual  increment  in 
the  area  is  high,  the  base  on  which  this  is  calculated  is  correspondingly- 
small,  and  a  long  period  must  elapse  before  cutting  of  merchantable  tim- 
ber can  take  place. 

In  all  cases,  the  greatest  percentage  of  stocked  quadrats  is  in  the 
0-3.5  inch  d.b.h.  class;  and  antithetically,  the  least  percentage  of 
stocked  quadrats  is  in  the  pole  class.   The  best  distribution  in  both 
timber  types  occurs  in  the  Lowman  area,  the  area  cut  longest  ago  and  also 
the  area  with  the  lightest  cut. 

The  above  indicates  the  condition  of  stocking  only  and  it  is  to  be 
realized  that  stand  volume  and  structure  might  show  a  more  encouraging 
picture  for  the  different  areas. 

Stocking  -  Stocking  figures  for  the  six  areas  examined  vary  from  a 
minimum  of  46.3  percent  in  the  pine  type  on  Clear  Creek  private  land  to 
a  maximum  of  100  percent  in  the  fir  type  on  the  same  area.   The  Lowman 
area  showed  the  most  satisfactory  stocking  on  the  average,  being  80  per- 
cent stocked  in  the  pine  type  and  88  percent  stocked  in  the  fir  typo. 
The  fir  type  showed  a  higher  proportion  of  stocking  in  all  cases  (except 
one)  than  the  pine  typo,  though  in  most  instances  the  difference  v/as  not 
substantial.   It  can  bo  seen  from  figures  4,  8,  and  12  that  the  gain  in 
stocking  for  all  areas  (for  both  typos)  is  inconsequential  except  at 
Lowman,  whoro  the  increase  was  15  and  10  percent  for  tho  pine  and  fir 
typos,  respectively.   On  the  Pine  Creek  area  on  seven  10-acre  methods- 
of -cutting  plots,  considering  all  sizes  of  trees  and  in  tho  ponderosa 
pine  type,  only  ono  showed  a  decrease  in  stocking,  although  two  others 
showed  no  change.   For  the  seven  plots  considered  together  there  was  an 
8  percent  increase  in  stocking  in  the  15  years  since  logging.   This  area 
is  still  not  satisfactorily  stocked  despite  the  increase  sinco  logging. 

As  can  be  seen  from  table  2  by  far  the  greater  proportion  of  con- 
secutive unstocked  quadrats  occur  in  the  4-10  class.   This  moans  that 
for  all  areas,  the  greatest  number  of  consecutivo  unstocked  quadrats 
resulted  in  distances  not  greater  than  2^  chains  or  1G5  feet,  an  offoctiwe 
seeding  distance.   It  will  bo  noticed  that  on  private  land  there  are  more 
unstocked  consecutive  quadrats  which  extend  further  than  all  other  areas. 


CONCLUSIONS 

In  view  of  the  times  when  the  study  areas  wore  logged  (only  two 
periods  of  time  since  logging  are  involvod  if  differences  of  more  than  a 
year  are  disregarded)  and  considering  tho  absence  of  reliable  information 
on  seed  crops  and  favorable  growing  seasons,  it  is  difficult  to  draw  cer- 
tain conclusions  which  might  otherwise  be  possible.   Thoro  are  certain 
indications,  however,  which  are  sufficiently  marked  to  justify  attention. 

Postlogging  reproduction  -  Although  tho  amount  of  postlogging  repro- 
duction and  high  degree  of  stocking  of  well-roprosontod  sizes  on  the 
Lowman  area  may  bo  the  result  of  a  number  of  causes,  it  would  appear 
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Table  2.   Percentage  of  total  quadrats  on  which  there  was  no  live  tree 
growth 


Consecutive  Quadrats 


^^^^  4-10  IT~30 


Clear  Creek 

Private  2.25  1.30  .23 


Percent 

Percent 

2.25 

1.30 

2.39 

>57 

1.09 

.23 

1.6G 

..10 

31-50 
Percent 


National  forest 

Lowman 

Pearsol 
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more  than  a  coincidence  that  the  period  (26  years)  since  logging  is 
largely  responsible.  This  premise  is  strengthened  by  the  fact  that  on 
all  other  areas,  where  the  postlogging  period  is  7  -  8  years,  there  is  a 
dearth  of  reproduction  since  cutting.   It  might  be  suspected  that  a 
period  of  15  years  would  be  sufficient  to  increase  reproduction  per  acre 
and  increase  the  stocking  but  the  Pino  Creek  data  do  not  boar  this  out 
entirely  even  though  a  heavy  seed  crop  occurred  in  1940  and  was  followed 
by  the  wettest  growing  period  in  25  years.  The  number  of  seed  trees  left 
in  the  current  system  of  cutting  should  be  ample  but  reasonable  physical 
and  climatic  conditions  for  tho  germination  of  seed  and  growth  of  seed- 
lings would  have  to  exist  to  insure  seedling  establishment.   lAOiile  it  is 
probable  that  heavy  seed  crops  are  produced  more  often  than  at  15-year 
intervals,  it  is  unlikely  that  favorable  growing  seasons  are  sufficiently 
frequent  to  coincide  with  them.   It  is  quite  possible  that  a  medium  soed 
crop  followed  by  good  growing  conditions  the  following  spring  can  out- 
weigh the  factors  of  fewer  seed  trees  and  average  plant  competition  and 
to  a  lesser  extent  the  effect  of  aspect. 

Logging  damage  -  Judging  from  the  difference  in  stodking  reduction 
as  a  result  of  "cat"  and  horse  logging,  and  the  number  of  trees  of  dif- 
ferent sizes  (1,078  per  aero)  destroyed  in  the  former  method,  there  ap- 
pears to  be  little  doubt,  at  least  from  tho  silvicultural  standpoint, 
that  animal  power  is  proforablo.  This  is  not  difficult  to  understand 
vhen  these  two  methods  of  timber  extraction  are  soen  in  action.  That 
"cat"  logging  is  more  efficient  from  the  operator's  standpoint  is  un- 
deniable but  a  compromise  of  horses  and  smaller  machines  or  at  least 
"D  7's"  without  blades  would  result  inlbss  damage  to  tho  valuable  advance 
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•_,i-owuh,   Tho  avoidable  destruction  by  machines  of  growcn  whether  it  be  4 
inches  high  or  40  foot  high  and  which  possibly  required  from  15  to  100 
years  to  roach  its  present  size,  can  hardly  bo  condoned  and  certainly 
not  justified  on  tho  basis  of  sympathy  for  tho  operator.   Apart  from  firo 
provontion,  the  importance  of  reducing  logging  damage  to  a  minimum  trans- 
cends all  else, 

Douglas-fir  preponderance  -  There  is  no  denying  tho  fact  that  the 
representation  of  Douglas-fir  reproduction  and  the  proportion  of  it  in 
relation  to  pondorosa  pine,  even  in  the  ponderosa  pine  type,  are  improo^ 
siire.  By  roforonco  to  figures  2,  3,  5,  6,  7,  9,  10,  and  11,  this  fact  may 
bo  u,ppreciated  more  emphatically.   VJhile  a  majority  on  north,  oast,  and 
perhaps  creek  bottoms  is  to  bo  expected,  the  presence  of  it  on  othor 
aspects  and  oven  in  tho  ponderosa  pine  types  in  tho  amounts  shown  by  the 
figures,  prompts  one  to  boliovc  that  establishment  and  at  least  oarly 
growth  of  this  species  does  not  present  a  problem.  Korstian  and  Bakorl£/ 
concluded  that  while  various  factors  produce  changes  in  numbers  of 
Douglas-fir  and  pondorosa  pine  per  acre  from  time  to  time  tho  present 
composition  of  tho  ponderosa  pine  type  in  central  Idaho  is  likely  to 
persist  and  that  Douglas-fir  is  not  increasing  significantly. 

Effect  of  aspect  on  reproduction  -  North  aspects  support  by  far  the 
most  reproduction,  largely  Douglas-fir.   Creek  bottoms  support  least. 
Only  south  aspects  support  a  preponderance  of  ponderosa  pine  in  all  cases. 
The  four  ridge  aspects  also  show  pine  in  major  proportions.   Generally, 
east  aspects  support  more  Douglas-fir  than  pine  and  west  aspects,  anti- 
thetically, support  more  pondorosa  pine  than  Douglas-fir.   On  the  basis 
of  this  evidence  it  appears  advisable  to  favor  pine  on  ridges  and  south 
and  west  slopes,  and  fir  on  north  and  east  slopes,  bearing  in  mind  that 
sound  silvicultural  practice  recognizes  the  wisdom  of  retaining  a  pro- 
portion of  ecologically  associated  spocies  whore  such  retention  does  not 
seriously  interfere  with  the  production  of  the  main  crop. 


APPLICATION  OF  RESULTS 

There  appear  to  be  several  considerations  on  which  it  might  be 
propitious  to  focus  attention  in  order  that  the  above  conclusions  can 
be  appreciated  and  translated  into  usefulness. 

In  southwestern  Idaho  it  is  apparent  that  though  natural  reproduc- 
tion of  ponderosa  pino  establishes  itself  surely,  it  does  so  very  slowly, 
more  slowly  indeed  than  is  gonerally  appreciated.   The  knee-high  re- 
production which  is  seen  in  the  forest,  in  all  probability  has  taken  from 
twice  to  five  times  its  age  in  establishing  itself,  and  the  saplings 
right  next  to  it,  may  have  taken  30  years  or  more  to  roach  their  present 
dimensions  starting  from  the  time  an  opening  there  first  appeared.   Since 


10/  Korstian,  C.  F,  and  F.  S.  Baker.   Is  Douglas-fir  replacing  western 
yellow  pino  in  central  Idaho?  Jour.  Forestry  22:755-764.   1922. 
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the  early  ostablishmont  of  reproduction  aftor  cutting  is  as  important  as 
high  net  annual  increment  per  aero  of  v/ood  volume,  every  possible  effort 
should  bo  made  to  secure  it  soon,  indeed,  before  cutting  if  practical. 

There  are  several  humanly  controlled  procedures  which  can  contribute 
to  the  success  of  ample  reproduction.  These  are: 

1,  Exclusion  of  uncontrolled  fire  at  all  times. 

2,  Removal  of  such  volumes  per  acre  as  to  provide  amplo  seed  from 
reasonably  fire-resistant  trees  and  to  discourage  undesirable 
competition  such  as  Ceanothus  by  maintaining  an  ovorstory 
wherever  feasible. 

3,  Conservation  of  as  much  advance  reproduction,  saplings  and  polos, 
as  possible  by  animal  or  modified  tractor  where  logging  "cats" 
are  as  small  as  are  consistent  with  a  fair,  economical  return  in 
relation  to  skidding  loads.   Skid  roads  should  bo  chosen  before 
logging  starts  and  woods  crews  should  be  "briefed"  on  damage 
caused  by  felling  and  skidding  and  the  reasons  for  minimizing  it. 
A  special  effort  should  bo  made  to  educate  and  interest  them  in 
the  fact  that  the  saving  of  remaining  trees  and  seedlings  is  as 
important  as  the  removal  of  the  timber. 
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A  REVIEW  OF  UTAH'S  BIG  GAMS,    LIVESTOCK.   AND  RANGE 
RELATIONSHIP  PROBLEMS 

By 
Research  Committee, 
Utah  Big  Game,  Livestock,  and 
'   Range  Relationship  Project^-/ 


Man  through  excessive  livestock  us^  has  brought  about  wide- 
spread forage  depletion  of  western  ranges.   During  the  past  10  to 
20  years,  also  through  man's  action,  large  herds  of  big  game  ani- 
mals have  built  up  to  occupy  part  of  this  same  range.   In  many 
cases  this  has  placed  a  double  burden  on  range  already  depleted 
thus  creating  a  great  controversy  between  livestock  opera.tors  and 
game  enthusiasts  over  the  equitable  assignment  of  range.   This  con- 
troversy has  focused  attention  on  the  urgent  need  for  gatharing 
facts  and  developing  principles  for  management  which  will  produce 
the  maximum  combined  crop  of  game  and  livestock  and  at  the  same 
time  restore  and  maintain  range  and  watershed  values. 

To  meet  this  need  in  Utah  a  cooperative  organization  was 
formed  in  the  fall  of  1946.   A  Research  Committee  actively  engaged 
in  carrying  out  the  research  program  consists  of  a  representative 
of  each  of  the  following  agencies; 

Utah  State  Fish  and  Game  Commission 

Utah  State  Agrio^iltural  College  and  Experiment  Station 
"  -   United  States  Fish  and  Wildlife  Service,  and 

Intermountain  Forest  and  Range  Experiment  Station,  of 
the  Forest  Service,  U.  S.  Department  of  Agriculture 

Also  cooperating  in  the  project  are  the  Bcireaa  of  Levnd  Management 
and  Region  4  of  the  United  States  Forest  Service. 

One  of  the  first  functions  of  the  Research  Committee  was  the 
preparation  of  this  report  as  a  basis  for  a  coordinfcted  research 
program.  This  report  is  divided  into  three  main  parts ^   (l)  back- 
ground material  which  should  lead  to  a  better  understanding  of  the 
problems  involved;  (2)  the  cooperative  research  program  outlining 
the  main  problems,  possible  m.ethods  of  attack,  and  responsibilities 
of  the  cooperating  agencies;  and  (3)  review  of  important  literature. 

1/  Research  Committee  members:   Odell  Julander,  range  conservationist, 
Intermountain  Forest  and  Range  Experiment  Station,  Ogden,  Utah; 
W.  Leslie  Robinstta,  biologist,  U.  S.  Fish  and  Wildlife  Service, 
Salt  Lake  City;  Arthur  D.  Smith,  associate  professor  of  range 
management,  Utah  State  Agricultural  College,  Logan;  and  D.  M. 
Gaufin,  big  game  supervisor,  Utah  Statf)  Fish  and  Game  Department, 
Salt  Lake  City.   The  Committee  wishes  to  acknowledge  the  assistance 
of  J.  G.  Smith,  range  cons'=>rvationist ,  Intermountain  Station,  in 
the  preparation  of  much  of  this  report. 


BACKGROUND  MATERIAL 


Range  Condition  ^nd  Use 

Utah's  big  game-livestock  ranges  have  been  subjected  to  over- 
grazing for  many  decades.   Since  about  .1890  livestock  have  made 
continuous  and  excessive  demands  on  available  range  forage.   Begin- 
ning about  1930  increases  in  big  game  have  contributed  to  range 
depletion  on  many  areas. 

Lcinds  vinder  Federal  regulation  as  well  as  private  lands  have 
suffered  severely  from  overgrazing.   Grazing  allotment  condition  in 
1948  as  shown  by  Forest  Service  estimates  in  figure  1  is  an  example. 
More  than  one-half  of  the  grazing  lands  on  national  forests  of  Utah 
are  recognised  as  livestock  problem  allotments  where  range  ha.s  de- 
teriorated because  of  overstocking.   Of  the  total  recognized  problem 
e.rea  (54  percent),  41  percent  is  overstocked  with  livestock,  10  per- 
cent with  both  deer  and  livestock,  and  the  remaining  3  percent  by 
deer  alone.   Adjustments  in  niimbers  believed  to  be  satisfactory  have 
been  made  on  about  one-fourth  of  the  livestock  problem  allotments. 
As  shown  in  figure  1,  most  of  the  depleted  game  range  has  also  been 
overgrazed  by  either  cattle  or  sheep  or  both.   The  remaining  3  per- 
cent of  the  game  problem  range  is  inaccessible  or  closed  to  live- 
stock and  demonstrates  clearly  that  game  alone,  when  too  n'umerous, 
can  depl'^te  a  range. 

Protected  relics  of  native  vegetation  indicate  that  depletion 
in  most  of  the  major  typ- s  h'.-.-s  been  severe.   The  results  ha,ve  been 
not  only  a  decreased  and  inferior  forage  supply  but  serious  impair- 
ment of  watersheds^   In  mount'^^inous  areas  adjacent  to  communities 
i-nd  culti/ated  valinys,  depletion  of  forage  has  brought  on  flood 
and  sedimentation  problems  far  more  sef^io^'s  than  loss  of  forage. 
The  industrialization  and  increasing  pop i.lation  of  Utah  make  even 
more  lurgent  the  rjstor^itioa  and  maintenance  of  depleted  ranges  for 
watershed  protection  and  forage  production. 

Most  of  Utah's  range  is  multiple-use  land.   The  mount^ainous 
areas  are  asp-?'-5iaily  valuabile  as  watersheds.   Recreation  is  becom- 
ing increasingly  important  in  the  mountainous  areas.   In  recent 
years  about  2-^   million  visitors  have  used  Utah  national  forests 
annually  for  recreation  and  demands  for  public  recreational  areas 
are  increasing.  Approximately  152,000  acres  of  usable  national 
forest  range  in  Utah  have  been  closed  to  livestock  grazing  for 
watershed  protection,  recreation,  and  other  purposes.   Some  com- 
munities have  purchased  private  land  and  excluded  grazing  for 
watershed  protection  and  recreation. 

Wildlife  of  some,  form  use  pra.c  tic  ally  all  of  Utah's  range 
land.   Deer  alone  use  about  35,000  S'^uare  miles  of  range.   Numbers 
of  deer  hunters  in  Utah  have  inoreasad  from  5,650  in  1925  to  23,000 


in  1935,  to  95,073  in  1948.   The  trend  is  believed  to  be  still 
upward  and  organized  sportsmen  are  asking  for  more  consideration 
of  big  game  in  the  management  of  public  ranges. 

Ownership  Patterns,  Seasonal  Ranges,  and  Management  Problems 

The  farm-village  type  of  settlement  in  Utah  and  subdividing  of 
land  has  resulted  in  a  pattern  of  small  farm  and  ranch  units.   More 
than  half  of  the  cattle  permits  on  the  national  forests  of  Utah  are 
in  the  1-20  size  class  which  results  in  costly  management  practices, 
or  more  often,  in  neglect  of  management.   Likewise,  65  percent  of 
the  sheep  permits  fall  in  the  1-100  and  101-300  head  size  class. 

Utah's  ranges  are  distinctly  seasonal,  only  a  very  small  part 
being  yearlong  range.   Cattle  move  relatively  short  distances  from 
summer  range  to  winter  range  or  winter  feed  lot  but  sheep  are  often 
trailed  100  to  200  miles  between  summer  and  winter  ranges.   Many 
bands  are  forced  to  use  the  same  driveway  resulting  in  an  uncertain 
forage  supply  en  route  for  all  but  the  first  bands.   National  for- 
ests supply  chiefly  summer  forage.   A  good  share  of  the  livestock 
summering  on  national  forests  winter  on  grazing  districts  and  depend 
largely  on  private  range  for  spring-fall  use.   This  is  especially 
true  for  sheep.      ■-'. 

Unfortunately,  these  seasonal  ranges  are  not  balanced  with  for- 
age demands  of  livestock  and  game.   More  than  half  of  the  usable 
range  land  of  Utah  is  winter  livestock  range,  roughly  one-fifth  to 
one-fourth  is  summer  range  for  game  and  livestock,  and  one-seventh 
to  one-sixth  is  spring-fall  li\^estock  range.   Summer  range  has,  by 
far,  the  greatest  grazing  capacity  per  unit  of  area.   Spring-fall 
forage  is  often  scarce  and  is  becoming  increasingly  so  since  in 
recent  years,  season  of  permitted  asa  on  both  national  forests  and 
grazing  districts  has  been  shortened.   This  has  increased  length  of 
grazing  season  on  privately  owned  spring-fall  rar.ges  or  on  culti- 
vated props.  "  ;■';"  ''[[   """".",' 

Big  game  seasonal  r^-^ngos  are  still  less  ai"enly  balanced  than 
livestock  ranges  because  gams  animals  are  more  restricted  in  their 
migrations  and  have  no  source  of  supplemental  forage  from  culti- 
vated crops.   In  several  areas  of  southern  and  western  Utah,  summer 
range  is  inadequate  for  deer  but  in  most  of  the  State  winter  range 
is  the  limiting  factor. 

Shortage  of  spring  and  fall  livestock  forage  on  foothill  ranges 
and  concentrations  of  deer  and  elk  in  winter  on  these  same  areas  are 
the  major  factors  responsible  for  the  present  game-livestock  con- 
troversy in  Utah.  The  facts  that  much  of  this  range  is  privately 
owned  and  that  deer  and  elk  do  considerable  damage  to  agricultural 
crops  in  winter  have  heightened  the  controversy. 


The  Relationship  of  Land  Ownership  and  the  Deer  Problem 

State  and  many  private  range  lands  are  small  scattered  tracts 
which  are  difficult  to  manage  because  they  do  not  form  natural 
grazing  units  and  fencing  is  impractical.   Often  they  are  inter- 
spersed within  large  areas  of  national  forest  or  grazing  district 
range  which  adds  to  the  problem  of  administering  public  lands.   The 
various  forms  of  land  ownership  which  exist  within  the  principal 
ranges  of  deer  in  Utah  are  shown  in  table  1. 

Table  1.   Land  ownership  of  deer  range  in  Utah  in  square 
miles  and  percent  of  total 


Class  of  range 


Summer  range  °  Winter  range 


Total 


ii  ■  .        ■  \' .  ;  -• 

,  Square 

Per- 

Square 

Per- 

Square 

Per- 

:'::,y ■  ■.;-  r      l^.       .. 

miles 

cent 

miles 

cent 

miles 

cent 

Bureau  of  Land 

Management 

4,075 

17.1 

9,040 

59.9 

13,115 

37.8 

Forest  Service 

9,855 

53.8 

1,945 

12.9 

11,800 

34.0 

Private  Land 

4,423 

22.7 

2,600 

17.6 

7,023 

20.2 

State  Land 

693 

3.7 

697 

4.4 

1,390 

4.0 

Indian  Service 

65 

0.3 

584 

3.5 

649 

1.9 

Other  Federal  , 

400 

2.1 

199 

1.3 

599 

1.7 

Railroad 

60 

0.3 

68 

0.4 

128 

0.4 

Total 


19,571 


15,133 


34,704 


It  is  evident  from  these  data  that  the  Federal  lands  are  most 
important  from  the  standpoint  of  providing  deer  range,  with  lands 
under  administration  of  the  Bureau  of  Land  Management  and  the  For- 
est Service  providing  approximately  72  percent  of  the  total.   Fur- 
ther, it  should  be  noted  that  while  the  Forest  Service  controls  over 
half  of  the  shimmer  range,  the  Bureau  of  Land  Management  controls  an 
even  higher  percentage  of  the  winter  range. 

Private  lands  are  third  in  importance  comprising  about  one- 
fifth  of  the  total  area.   Slightly  more  of  the  summer  range  is 
owned  by  private  land  holders  than  is  true  in  the  case  of  winter 
range.  Winter  range  in  private  ownership  and  within  national  for- 
ests includes  much  of  the  badly  depleted  winter  area. 

These  figures  forcibly  emphasize  the  need  for  cooperative 
action  in  regard  to  management  of  deer  herds.   While  the  responsi- 
bility for  prescribing  kills  and  fixing  hunting  regulations  should 
remain  with  the  State  game  organization,  any  action  taken  should  be 
preceded  by  consultation  and  conference  with  the  other  groups  which, 
by  reason  of  providing  deer  range,  have  an  interest  in  the  status  of 
game  numbers. 
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vba-Bj.  .:.;:-    •  Livestock  Nuxobers 

Since  early  settlement  the  production  of  range  livestock  has 
been  a  basic  industry  of  Utah.   From  the  time  when  gaunt  cattle 
were  driven  across  the  plains  by  the  Mormon  pioneers  in  1847,  Utah's 
cattle  industry  developed  rapidly.   As  early  as  1890  there  were 
about  360,000  cattle  on  Utah  ranges  ?>,nd  a  maximum  number  of  484,000 
cattle  was  reached  in  1920.   The  1947  estimates  show  438,000  beef  cattle, 
Development  of  the  sheep  industry  in  Utah  likewise  w&s  spectacular. 
Stock  sheep  increased  from  599,000  in  1880  to  2,150,000  in  1890  with 
a  maximum  number  of  2,882,000  in  1901.   The  1947  estimates  show 
1,518,000  stock  sheep.   Since  1890  or  earlier  there  has  been  a  tre- 
mendous demand  for  range  forage  in  Utah. 

Reliable  livestock  numbers  by  land  ownership  classes  are  not 
available,  hence  only  figures  from  rational  forest  ranges  are  given 
below  as  examples.   Maximum  li'/Gstook  prodviction  on  national  forest 
range  in  Utah  occurred  between  1915  and  1920  with  World  War  I  pres- 
sure for  greater  meat  production.   Numbers  of  livestock  far  exceeded 
the  forage  supply.   Since  that  time  reductions  in  livestock  grazing 
on  national  forests  have  been  made  to  restore  overgrased  ranges  and 
to  protect  vital  watersheds  from  accelerated  erosion.   During  this 
period  of  livestock  reductions,  there  was  an  upward  trend  in  deer 
numbers  as  shown  in  figure  2  which  pictures  the  big  game  and  live- 
stock use  of  national  forest  range  in  Utah  from  1924  to  1947.   How- 
ever, early  estimates  were  poor  and  part  of  the  incro'-"j,se  in  big  game 
shown  is  believed  to  be  due  to  improved  census  methods.   Total  graz- 
ing use  appears  to  have  changed  but  little. 

Reductions  in  grazing  animals  have  on  many  ranges  been  too 
small  and  too  late  with  consequent  serious  reduction  in  the  capacity 
of  the  land  to  produce  forage  and  regulate  str';.3,m  flow.   Private  and 
public  lands  both  have  suffered  from  overstocking. 

Table  2  indioates  the  livestock  and  deer  use  on  national  forest 
(including  private  land  within  the  forests),  Indian  Service,  National 
Park  Service,  and  Bureau  of  Land  Management  lands  within  the  bound- 
aries of  the  game  management  units  shown  in  figire  3. 

Use  data  for  livestock  on  privrr^te  and  State  lends  are  incomplete. 
This  lack  of  information  accounts,  in  large  measure,  for  the  apparent 
excess  of  deer  use  over  livestock  use  on  some  units,  for  example  at 
East  Canyon  and  Coalville.   On  others  such  a-s  in  Davis  County,  numbers 
of  livestock  have  been  greatly  reduced  for  purposes  of  watershed  pro- 
tection and  recreation. 

In  general,  a  m^ch  greater  proportion  of  the  total  forage  is 
used  by  livestock  than  by  deer.   Whether  the  relationship  indicated 
is  the  correct  balance,  or  whether  there  should  be  more  livestock 
and  fewer  deer,  or  more  deer  and  fewer  livestock  is  an  administra- 
tive question  to  be  settled  on  the  basis  of  range-watershed  condi- 
tion and  local  economy,  unit  by  unit.   In  striking  the  correct 
balance,  the  fact  must  be  kept  in  mind  that  winter  range  limits  the 
deer  population  on  most  units. 
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Table  2.   Livestock  and  deer  use  on  Federal  grazing  lands 
within  game  unit  boundaries,  Utah,  1946 


Game  unit 


Animal  unit  months* 
per  square  mile 


:   Livestock   : 

Deer 

Total 

Cache 

76.6 

24.8 

101.4 

Wellsville 

24.5 

20.3 

44.8 

Avon-Mantua 

71.3 

17.5 

88.8 

Ogden  River 

147.5 

30.7 

178.2 

Lost  Creek 

152.7 

13.7 

166.4 

Davis  County- 

2.0 

15.8 

17.8 

East  Canyon 

3.0 

21.7 

24.7 

Coalville 

2.9 

19.8 

22.7 

Kamas 

51.1 

34.4 

85.5 

Heber 

78.6 

37.6 

116.2 

Salt  Lake 

10.2 

42.4 

52.6 

Timpanogos 

48.4 

54.4 

102.8 

Heaston 

13.9 

23.8 

37.7 

Stansbury  Mountain 

25.5 

64.3 

89.8 

Vernon 

58.4 

32.5 

90.9 

Eureka 

65.7 

16.7 

82.4 

Black  Fork 

31.5 

4.7 

36.2 

Ashley 

42.4 

9.1 

51.5 

Daggett 

47.8 

23.0 

70.8 

Currant  Creek  . 

48.7 

14.0 

62.7 

Avintaquin 

63.3 

20.5 

83.8 

Spanish  Fork 

109.3 

29.6 

138.9 

Nebo-Fountain  Green 

88.1 

26.6 

114.7 

South  Nebo 

94.9 

39.6 

134.5 

Minnie  Maud 

63.8 

7.4 

71.2 

Book  Cliffs 

51.8 

6.5 

58.3 

Huntington 

97.6 

12.7 

110.3 

Joe's  Valley 

88.2 

29.1 

117.3 

Fairview-Mt.  Pleasant 

107.1 

24.7 

131.8 

Bphraim 

144.4 

66.4 

210.8 

Twelve  Mile 

131.4 

59.5 

190.9 

Muddy 

115.4 

24.8 

140.2 

Oak  Creek 

62.9 

32.2 

95.1 

Fillmore 

58.5 

31.5 

90.0 

Salina 

81.5 

31.5 

113.0 

Kanosh 

51.4 

33.9 

85.3 

Monroe 

54.6 

38.8 

93.4 

Marysvale-Circleville 

52.1 

43.0 

95.1 

North  Beaver 

57.7 

31.5 

89.2 

South  Beaver 

44.2 

14.5 

58.7 

Antimony 

48.7 

26.0 

74.7 

Parowan-Panguitch  Lake 

46.0 

24.3 

70.3 

Dixie 

53.1 

26.0 

79.1 
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Table  2   continued. 


Game  unit 


Animal 

unit 

months* 

t_.    * 

per 

square 

mile 

Livestock   ° 

Deer 

: 

Total 

'/y'.'.   26.2 

.■.       V- 

14.3 

40.5 

"...i  38.1 

10.7 

48.8 

'   61.8 

10.2 

72.0 

■'  49.6 

6.2 

55.8  : 

-  "  ,.  88.7 
41.1 

18.1 
25.7 

,  '.t-"- 

106.8 
66.8 

65.1 

8.5 

73.6 

43.4 

, 

22,9 

66.3 

162.4 

.  ■».  t  ' 

25.5 

■■*■      \ 

187.9 

46.6 

4.9 

51.5 

Koiob   "  '  .,;;";      ;^;,; 

Bast  Zion  ';.,..  .\,j^,  .  V.  ', 
Paunsaugunt       .,^.'/ 
Boulder  Mountain 
Fremont-Crater  Lakes 
Thousand  Lake  Mountain 
Henry  Mountains 
San  Juan   ^^.  ,^. 
LaSal       '^■■'' 
Raft  River 


.ini 


*   One  animal  unit  month  =  1  cow  for  1  month. 
5  sheep  or  3.5  deer  =  1  cow. 
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History  of  Big  Game  in  Utah 


Early  accounts  of  big  game  in  Utah  do  not  give  a  clear  picture 
of  abundance.  However,  from  such  records  as  are  available  numbers 
could  not  have  been  very  large  as  were  those  of  the  buffalo  herds 
on  the  Great  Plains.   The  first  description  of  Utah's  range  in  a 
"natural"  state  is  found  in  Father  Escalante's  journal  of  1776. 
Although  he  and  his  party  traveled  through  and  along  the  borders  of 
some  of  Utah's  best  present-day  big  gams  hunting  grounds,  he  made  no 
mention  of  either  deer  or  elk,  both  of  which  ha  noted  in  southwestern 
Colorado. 


Further  accounts  of  big  game  in  Utah  are  obtained  from  the 
diaries,  letters,  and  journals  of  the  "mountain  men"  and  explorers 
who  started  to  pass  through  the  territory  as  early  as  1820.  All 
these  uniformly  describe  the  western  part  of  the  State  as  being 
practically  devoid  of  game,  a  condition  that  exists  today,  and  re- 
port that  buffalo,  deer,  elk,  and  antelope  were  to  be  found  only  in 
the  northern  valleys.      .,,  —  .•,^'  .-,h'i   ?" 

The  Mormon  pioneers  entered  the  valley  of  the  Great  Salt  Lake 
in  July  1847  and  soon  afterward  established  settlements  throughout 
most  of  the  State.  Although  the  writers  of  the  time  recount  the 
hardships  and  difficulties  endured  in  obtaining  enough  food  for  sur- 
vival, they  seldom  mention  big  game.  ,.     ,,,,  ,  ...  '■,-.,:,....■ 


v^d,f.on;-f 


i-ynt 
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After  the  establishment  of  ranches,  towns,  and  cities,  the 
free  and  unregulated  use  of  the  ranges  and  unrestricted  hunting 
soon  reduced  the  populations  of  deer  and  elk  that  were  originally 
present.  By  the  end  of  the  century  many  groups  within  the  State 
were  becoming  concerned  with  the  disappearance  of  big  game.  The 
first  Utah  Fish  and  Game  Department  was  organized  in  1894  and  a 
few  regulations  were  put  into  force.   Until  1907,  however,  no  hunt- 
ing license  was  required  and  the  open  season  on  deer  extended  for 
5  or  6  months  with  each  hunter  being  permitted  to  take  several  ani- 
mals. By  1908  the  destruction  of  big  game  had  proceeded  so  far  that 
the  State  Legislature  deemed  it  wise  to  prohibit  all  hunting  for  a 
period  of  5  years.   It  was  generally  realized  that  this  drastic  ac- 
tion was  necessary  if  complete  annihilation  was  to  be  avoided. 

Other  legal  action  favorable  to  big  game  increase  followed. 
In  1913  the  "buck  law"  was  passed  to  protect  female  deer.   In  1916 
the  U.  S.  Biological  Survey  started  predatory  animal  control  to 
protect  livestock.  This  action  also  favored  big  getme  increases. 
Between  1917  and  1923  the  State  Legislature  established  a  series  of 
large  refuges  totaling  nearly  a  million  acres  within  national  for- 
ests which  provided  yearlong  protection  for  big  game. 

Range  overuse  by  deer  in  Utah  was  first  recorded  in  1930.  By 
this  time  breeding  herds  had  reached  substantial  sizes  and  phenom- 
enal increases  in  deer  numbers  resulted.   In  1933  the  Board  of  Big 
Game  Control  (formerly  Big  Game  Refuge  Committee  and  Board  of  Elk 
Control)  was  given  power  to  regulate  deer  herds  on  overstocked 
areas.   Serious  local  overpopulations  of  deer  and  abuse  of  the  range 
led  to  the  authorization  of  antlerless  deer  hunts  on  certain  areas 
in  1934  and  1935.  Antlerless  deer  hunts  were  again  authorized  in 
1938  and  have  continued  on  restricted  areas  throughout  the  State  up 
to  the  present  time  in  an  effort  to  balance  deer  numbers  with  the 
forage  supply. 

Estimated  numbers  of  deer  increased  from  18,500  in  1925  to 
about  200,000  in  1942.  A  recent  consideration  of  census  and  kill 
records  indicates  a  population  of  300,000.   It  is  now  believed  that 
this  number  prevailed  in  1942  and  has  been  kept  nearly  constant 
since  then  by  hunter  harvest.  A  part  of  this  large  increase  in  es- 
timated numbers  is  due  to  improved  census  methods  in  recent  years. 
Nevertheless,  the  trend  was  rapidly  upward. 

Big  Game  Grazing 

The  information  contained  in  the  map  (figure  3)  of  deer  man- 
agement units,  seasonal  ranges,  and  problem  areas  is  a  product  of 
the  joint  contributions  of  the  field  men  of  the  Utah  State  Fish  and 
Game  Department,  Utah  State  Agricultural  College,  U.  S.  Forest 
Service,  Bureau  of  Land  Management,  and  Fish  and  Wildlife  Service. 
The  map  represents  the  best  information  on  deer  distribution  in  the 
State  which  individuals  of  these  agencies  could  supply.   It  is  fully 
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realized,  however,  that  this  merely  represents  a  start  and  that 
many  changes  and  additions  will  bo  necessary  as  present  informa- 
tion is  supplemented  in  the  future.   It  is  known,  for  example, 
that  some  deer  are  found  on  most  of  the  several  mountain  ranges 
in  the  west  central  portion  of  the  State.   However,  it  was  deemed 
advisable  to  omit  these  areas  until  more  is  known  about  deer  num- 
bers and  their  seasonal  distribution.   The  field  men  of  the  various 
agencies  are  cognizant  of  the  need  for  data  of  this  nature  and 
their  observations  in  the  future  will  unquestionably  do  much  to 
augment  our  present  information. 

Bach  of  the  herd  management  units  shown  on  the  map  is  be- 
lieved to  enclose  the  yearlong  range  of  a  fairly  distinct  herd  of 
deer.   It  is  the  intent  of  the  Fish  and  Game  Department  to  main- 
tain deer  kill  and  population  records  for  these  units.   As  addi- 
tional data  on  the  migrations  of  deer  are  obtained,  however,  it 
may  be  necessary  to  make  certain  boundary  changes  to  conform  with 
field  findings. 

Table  3  summarizes  the  areas  of  seasonal  ranges  and  deer 
problem  areas  by  management  units  as  given  on  the  map.   Big  game 
problem  areas  are  range  areas  where  deer  and  to  a  lesser  extent 
elk  have  clearly  been  responsible  at  least  in  part  for  a  depleted 
browse  condition,  or  where  they  are  doing  considerable  damage  to 
crops  or  orchards.   In  some  instances  areas  were  classed  as  prob- 
lems because  the  better  browse  species  are  being  currently  used 
to  excess  by  big  game,  in  other  cases  they  are  problem  areas  be- 
cause the  present  population  of  big  game  is  increasing  and  at  the 
point  of  exceeding  the  carrying  capacity,  and  in  still  other  in- 
stances areas  were  considered  problems  because  the  vegetation  is 
not  responding  satisfactorily  even  though  heavy  reductions  have 
been  made  in  the  numbers  of  big  game.   Many  probl'-)m  areas  have 
been  at  least  in  part  cleared  up  daring  the  past  few  years  but  at 
the  same  time  new  ones  have  made  their  a^ppearanoe.   Hence,  con- 
stant revisions  are  necessary  in  any  attempt  to  map  problem  areas. 

The  deer  range  listed  on  the  map  co'/ers  approximately  34,700 
square  miles  or  about  41  percent  of  the  area  of  the  State.  Ad- 
ditional range  not  outlined  on  the  map  on  which  some  deer  are 
known  to  range  would  add  another  3,000  to  4,000  square  miles  to 
the  above  total.   The  1947  estimate  of  deer  within  the  deer  range 
shown  on  the  map  was  198,000  or  99  percent  of  the  200,000  deer 
estimated  for  the  entire  State.   A  later  estimate  placed  the  total 
population  at  300,000,  but  the  proper  allocation  of  the  additional 
100,000  to  the  game  units  has  not  yot  been  considered. 

The  1947  estimates  are  believed  to  be  generally  low.   A  few 
glaring  discrepancies  have  already  been  found.  For  example,  the 
1947  estimate  for  Wellsville  was  500,  but  1,200  wore  actually 
counted  in  1949.   The  Avon-Mantua  herd  was  estimated  at  2,500  in 
1947,  but  around  4,000  deer  were  counted  in  1949.   Davis  County 
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were  estimated  at  500  in  1947;  an  actual  count  of  1,200  was  made  in 
1949,   A  kill  of  2,800  bucks  and  does  from  the  Coalville  unit  was 
made  in  1949  without  substantially  reducing  the  herd.   Obviously 
the  1947  estimate  of  2,500  deer  for  this  unit  was  much  too  low.  The 
Raft  River  winter  deer  herd  was  estimated  at  1,400  in  1947  but  track 
counts  along  the  Utah-Idaho  line  in  1950  showed  at  least  6,000  deer 
moving  into  Utah  from  Idaho  in  addition  to  the  local  deer.   It  is 
possible  that  other  unit  estimates  are  likewise  too  low.   These  ex- 
amples show  that  constant  revisions  in  deer  estimates  and  in  problem 
allotment  appraisals  are  necessary. 

On  the  basis  of  198,000  deer  on  34,700  square  miles,  there  are 
on  the  average  112  acres  per  deer.   It  would  seem  that  this  acreage 
would  be  more  than  adequate  for  meeting  the  forage  needs  of  a  deer 
throughout  the  year.   However,  there  are  three  factors  which  have 
created  range  problems:   (l)   Much  of  the  range  is  of  very  low  car- 
rying capacity,  this  being  especially  true  of  much  of  the  winter 
range;  (2)  there  is  an  uneven  distribution  of  deer  throughout  the 
available  range  with  excessive  concentrations  in  some  areas  and 
sparse  populations  in  others;  and  (3)  much  of  the  deer  range  is 
fully  or  overly  stocked  with  livestock.  Also  it  might  be  restated 
that  the  encroachment  of  city  limits,  ranches,  and  farm  lands  into 
the  normal  deer  range  has  likewise  created  many  special  problems. 

The  game  problem  areas  which  have  attracted  the  most  attention 
are  located  on  the  winter  ranges.   The  winter  range  problem  areas 
make  up  only  11  percent  of  the  entire  winter  range,  but  the  perpetua- 
tion of  the  forage  supply  on  this  segment  of  winter  range  is  essen- 
tial to  the  welfare  of  many  thousand  deer  and  several  hundred  elk. 
A  large  number  of  elk  and  deer  are  forced  to  spend  about  5  months 
each  year  on  a  restricted  strip  of  range  at  the  base  of  the  steep 
mountain  slopes.   The  amount  of  forage  available  on  these  restricted 
winter  range  areas  often  determines  the  numbers  of  big  game  that  can 
be  maintained. 

It  should  be  pointed  out,  however,  that  not  all  big  game  prob- 
lem areas  are  confined  to  the  winter  range.   About  5  percent  of  the 
summer  game  range  is  classed  as  summer  game  problem  area.   On  some 
units,  particularly  the  San  Juan  unit  in  the  southeastern  part  of 
the  State,  the  summer  range  is  more  restricted  than  the  winter  range. 
In  addition  the  summer  ranges  are  already  fully  or  overly  stocked 
with  livestock. 

The  numbers  of  deer  and  elk  will  have  to  be  reduced  by  hunting 
on  the  problem  areas,  but  on  other  areas  which  are  presently  under- 
stocked increases  can  possibly  be  permitted.   One  of  the  chief  aims 
of  management  is  to  effect  an  equitable  distribution  of  big  game        | 
which  conforms  with  the  forage  supply.   When  this  aim  is  accomplished, 
the  maximum  numbers  of  animals  will  be  produced  for  hunting  on  a  long- 
time basis. 
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Hunter  Numbers  and  Suocess 

The  numbers  of  hunters  increased  tremendously  in  the  past 
several  years.   If  we  at  present  have  approached  the  maximiam  num- 
bers of  deer  which  we  can  expect  to  maintain  in  Utah,  any  increase 
in  hunter  pressure  will  be  reflected  in  lower  success  ratios,  and 
even  though  we  may  increase  our  deer  herds  beyond  the  present  level, 
this  point  of  diminishing  game  for  the  hunters  seeking  it  is  a  con- 
dition that  must  be  expected.   Figure  4  shows  ths   number  of  hunters 
afield  and  the  number  of  deer  killed  in  the  past  23  years.   Success 
ratio  is  high  with  over  50  percent  of  the  hunters  killing  bucks  in 
recent  years.   This  places  Utah  as  one  of  the  top  states  in  the  na- 
tion as  a  deer  hunting  ground.   This  high  sriccess  is  partially  due 
to  easy  hunting  on  overstocked  range. 

As  deer  numbers  on  concentration  areas  level  off  to  balance 
the  forage  supply,  the  easy  harvesting  of  deer  will  be  over.   How- 
ever, with  good  management  which  provides  for  stable  soil  and  a 
sustained  yield  of  forage  for  grazing  animals,  Utah's  deer  ranges 
should  provide  good  hunting  indefinitely. 


■  '  •'  ■'  '   '  '      PROBLEMS  AND  PROGRAM 

Major  Problems 

The  problems  in  determining  big  game-livestock  range  relation- 
ships and  of  developing  prin-iplas  and  concepts  as  a  basis  for 
management  are  many  and  complex.   The  main  questions  to  be  answered 
by  research  are  as  follows » 

1.  What  is  the  nature  and  extrsnt  of  competition 
for  forage  between  big  g&,me  a,nd  livestock,  and  what 
are  the  limitations  for  maximum  sustained  yield  pro- 
duction of  both  on  mi'ltiple-use  ranges? 

2.  To  what  degree  can  important  game  forage  species 
be  utilized  and  insure  sustained  forage  yield  on  ranges 
in  satisfactory  condition,  or  recovery  on  deteriorated 

Y       ranges?  ,  -   ,. . 


81. 


3.  What  are  the  indicators  of  rttnge  condition  and 
trend  that  can  be  used  as  guides  in  administration  of 
game-livestock  ranges? 

4.  How  can  grazing  capacity  of  range  be  determined 
for  game  and  for  combined  use  of  game  and  livestock? 

5.  What  are  the  effects  of  big  game  on  watershed 
values? 
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6.  How  can  game  numbers  be  determined  with  reason- 
able accuracy? 

7.  What  are  the  seasonal  and  permanent  migrations 
of  big  game? 

''  '■'  ■   8.   What  annual  production  for  hunter  harvest  can 
be  expected  from  game  herds? 

^'  '■■    9.   What  are  the  factors  affecting  big  game  pro- 
'''    ductivity  and  how  can  these  factors  best  be  controlled 
by  management? 

10.   What  are  the  social  and  economic  values  involved 
in  game-livestock  production? 

1 .   Nature  and  extent  of  competition 

Competition  implies  a  contest  between  the  two  classes  of  ani- 
mals for  the  same  forage.   This  being  the  case  competition  is  con- 
fined to  that  part  of  range  used  by  both  game  and  livestock  and  to 
certain  desirable  species,  the  supply  of  which  is  inadequate  for 
both. 

Demands  of  both  stockmen  and  sportsmen  on  a  limited  range  re- 
source has  resulted  in  much  controversy  regarding  competition  of 
big  game  and  livestock.   Especially  is  this  true  where  large  num- 
bers of  game  occur  on  pri*/ate  range  where  owners  have  a  business 
investment  and  livelihood  at  stake  and  on  valuable  watersheds  where 
public  interests  require  adjustments  in  numbers  of  grazing  animals. 

To  determine  range  competition,  research  is  needed  on  prefer- 
ences and  seasonal  use  of  forage  and  on  grazing  patterns  of  big 
game  and  livestock. 

Determining  the  similarities  and  differences  in  forage  pref- 
erences of  game  and  livestock  is  necessary  to  ascertain  the  kinds 
of  forage  for  which  they  are  liko].y  to  compete.   In  addition  sea- 
sonal forage  use  must  be  known  because  plants  differ  in  palatability 
at  different  seasons  and  time  of  grazing  varies  with  class  of  animal. 
For  example,  on  the  Fishlake  National  Forest  lupine  may  be  used  only 
in  fall  by  both  sheep  and  deer.   If  both  animals  graze  a  lupine  area 
in  fall  and  the  supply  is  limited,  there  would  be  direct  competition. 
If  the  area  is  used  by  sheep  only  in  spring  or  early  summer  there 
may  be  no  competition  at  all  for  lupine.   Such  examples  are  numerous. 

Distribution  of  livestock  and  big  game  on  mountain  range  is 
often  very  uneven.   Game  as  we.ll  as  livestock  prefer  certain  areas 
for  such  reasons  as  presence  of  desirable  forage  or  favorable  to- 
pography.  The  extent  of  overlap  in  distribution  of  game  and  live- 
stock is,  therefore,  one  of  the  factors  which  determines  competition. 
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Some  information  on  forage  preferences  of  game  and  livestock 
is  available  from  different  parts  of  the  West.  Much  of  the  older 
information  on  species  palatability  is  based  on  use  of  forage 
under  heavy  stocking.  On  this  basis  plants  were  often  much  over- 
rated. Few  data  are  available  on  preferences  based  on  the  more 
recent  concepts  of  moderate  stocking.  Our  present  information  of 
grazing  patterns  is  based  almost  entirely  on  general  observations. 

Where  serious  overstocking  of  both  big  game  and  livestock 
occur,  competition  for  forage  is  obvious.   However,  the  results 
of  such  overstocking  on  range  and  game  herds  are  not  fully  appre- 
ciated.  We  know  little  about  competition  on  areas  with  moderate 
stocking  or  with  different  intensities  of  game  and  livestock  use. 
Range  competition  varies  greatly  with  kind  of  animals  involved, 
character  of  the  range,  extent  of  overstocking,  extent  of  range 
depletion,  and  seasonal  use.   The  problem  is  how  to  determine  the 
nature  and  extent  of  competition,  evaluate  the  factors  involved, 
and  develop  concepts  as  a  basis  for  balanced  use  of  range  by  game 
and  livestock. 

Several  methods  of  studying  game  and  livestock  competition 
might  be  used  employing  large  pastures,  small  paddocks,  captive 
deer  in  pens,  fenced  exclosures ,  stomach  content  analyses,  and 
studies  on  the  open  range. 

Large  pastures  give  the  advantage  of  controlled  numbers  of 
both  game  and  livestock  with  a  minimum  restriction  on  activities 
of  captive  game.   Numerous  other  studies  which  require  knowledge 
of  definite  numbers  could  also  be  made  in  large  pastures,  such  as 
proper  sex  ratio  and  census  methods.   The-  ohief  disadvantages  are 
the  high  cost  and  the  fact  that  studies  would  be  concentrated  in 
a  relatively  small  spot  and  might  not  have  wide  application. 

Small  paddocks  have  the  advantage  of  low  cost,  definite  con- 
trol of  numbers  of  game  and  livestock,  and  portability.   Their 
chief  disadvantage  is  the  small  area  enclosed  whioh  permits  only 
a  few  animals  to  be  graised  and  either  restricts  the  activities  of 
game  or  necessitates  the  use  of  tame  animals.   Also,  the  period  of 
use  is  short  compared  to  that  on  open  range,  although  this  may  be 
an  advantage  in  determining  seasonal  forage  preferences. 

Feeding  of  captive  deer  in  pens  permits  accurate  measurements 
of  forage  consumed  and  frequent  weighing  of  animals  whioh  should 
give  reliable  data  on  forage  requirements.   Forage  preferences  can 
be  studied  with  any  combination  of  species  supplied.   Nutritional 
studies  of  important  game  forage  can  also  be  studied  with  captive 
deer.   Other  detailed  studies  not  possible  on  open  range,  such  as 
relationship  between  forage  intake  and  stomach  content  for  evaluat- 
ing reliability  of  stomach  content  analysis,  is  possible  with  cap- 
tive deer.   On  the  other  hand,  the  confinement  of  wild  animals 
under  unnatural  conditions  might  cause  them  to  react  differently 
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than  on  the  open  range.  Numbers  of  animals  would  necessarily  be 
restricted  because  of  the  difficulty  and  high  cost  of  collecting 
native  forage. 

Big  game  and  livestock  exclosures  whioh  furnish  total  protec- 
tion or  protection  from  one  class  of  animal  and  use  by  another  give 
definite  information  on  forage  preferences  and  ecological  changes 
in  plant  cover  as  a  result  of  differential  use.   However,  they  sup- 
ply only  a  very  limited  sample  of  range.   Also,  big  game  use  inside 
livestock  exclosures  may  be  different  than  on  the  open  area  grazed 
in  common  with  livestock  and  it  is  often  difficult  to  clearly  dif- 
ferentiate use  by  the  two  classes  of  animals. 

Stomach  content  analysis  is  useful  in  supplying  qualitative 
data  on  forage  preferences.   It  is  especially  valuable  in  indicat- 
ing forage  preferences  on  open  range  during  spring  when  plants  are 
making  rapid  growth  and  in  fall  when  leaves  are  falling--periods 
when  utilization  of  plants  on  the  ground  is  difficult  to  estimate 
or  measure.   This  method  may  not  be  reliable  for  quantitative  data 
since  certain  species  disintegrate  in  the  stomach  faster  or  are  not 
retained  as  long  as  others. 

The  chief  advantages  of  open  ra.nge  studies  ares   (l)  natural 
conditions  prevail  which  present  problems  as  they  must  be  dealt  with 
in  management;  (2)  larger  areas  are  involved  which  furnish  a  more 
adequate  sample  of  range;  and  (3)  the  low  cost.   However,  animals 
cannot  be  controlled  as  would  bo  desired  and  game  numbers  are  seldom 
definitely  known.   Areas  grazed  by  game  alone  and  by  combined  game 
and  livestock  are  available  although  rate  of  stocking  is  seldom  as 
would  be  desired.   Moreover,  exclusive  livestock  grazing  on  the  type 
of  range  needing  study  is  practically  impossible  to  find  on  open 
range . 

All  methods  have  their  advantages  and  shortcomings.   For  this 
reason  various  methods  are  being  used. 

At  Utah  State  Agrioaltural  College  captive  deer  are  being  fed 
native  forage  for  forage  preference  and  nutritional  value  and  de- 
termination.  Paddocks  and  small  pastures  are  being  used  to  determine 
deer  and  sheep  forage  preferences  and  competition. 

The  Intermountain  Forest  and  Range  Experiment  Station  is  con- 
ducting studies  on  open  range  supplemented  by  game-livestock  ex- 
closures  and  areas  temporarily  fenced  for  reseeding.   Volume  weights 
by  species  in  pounds  per  acre  present  and  used  by  deer  and  livestock 
are  estimated  on  line-plot  transects.   Utilization  estimates  are  be- 
ing recorded  throughout  the  year  on  exclusive  deer  range  to  determine 
forage  preferences  and  seasonal  forage  use  by  deer.   Stomach  content 
analyses  are  made  as  opportunity  affords  to  supplement  field  observa- 
tions. 
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For  determining  grazing  patterns  the  survey  method  supple- 
mented by  aerial  photographs  is  being  used  to  study  deer  and 
cattle  distribution  on  Oak  Creek  range  and  deer  and  sheep  distri- 
bution on  Monroe  Mountain  range. 

Since  the  cooperative  project  was  started  in  the  fall  of  1946, 
most  of  the  effort  of  the  Intermountain  Station  and  much  of  the 
time  of  the  College,  in  cooperation  with  the  Utah  State  Fish  and 
Game  Department,  has  been  devoted  to  the  problem  of  competition. 
Although  much  progress  has  been  made  and  certain  phases  of  study 
are  nearing  completion,  this  problem  will  receive  high  priority 
until  studies  are  well  rounded  out. 

2.   Proper  use  of  game  forage 

The  ultimate  aim  of  good  range  management  is  good  rarge  con- 
dition.  Inasmuch  as  the  condition  of  a  range  as  a  unit  is  de- 
termined by  the  condition  of  its  components,  proper  use  of  vegetal 
species  is  closely  related  to  range  condition.   Proper  use  is  the 
degree  of  use  which  allows  the  more  important  species  to  maintain 
density  and  vigor,  to  insure  soil  stability  and  optimum  forage  on 
range  in  good  condition,  and  to  provide  for  recuperation  leading 
to  optimum  conditions  on  deteriorated  range.   Proper  use  of  a  for- 
age species  involves  more  than  resistance  to  grazing,  which  is  the 
degree  of  use  a  plant  can  stand  year  after  year  and  maintain  its 
vigor  and  forage  productivity.  The  ability  of  a  plant  to  reproduce 
and  to  contribute  litter  toward  soil  protection  must  also  be  con- 
sidered. 

Ranges  are  not  grazed  uniformly  from  area  to  area  because  of 
variations  in  such  factors  as  topography  and  distance  to  water. 
Grazing  animals  exhibit  forage  preferences,  specific  and  seasonal. 
It  was  this  lack  of  grazing  uniformity  that  initiated  the  concepts 
of  "key  areas"  and  "key  species."  The  selection  of  "key  species" 
is  a  problem  in  itself.   Preference  value,  abundance,  and  ecological 
status  must  therefore  be  taken  into  account.   Obu-iously,  the  im- 
portance of  a  species  may  change  with  each  vegetational  association 
in  which  it  occurs. 

At  what  intensity  of  grazing  of  the  "key  species"  does  range 

condition  begin  to  trend  downward,  upw:-j.rd,  or  remain  static?  This 

information  is  a  basic  tool  without  which  the  range  administrator  is 
seriously  handicapped. 

The  resistance  of  a  plant  to  grazing  depends  upon  intensity  of 
grazing,  length  of  time  of  grazing,  site  condition,  season  of  re- 
moval, persistence  of  grazing,  growth  conditions  during  any  year, 
growth  form  and  reproductive  powers  of  the  species. 
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We  have  some  information  on  the  grazing  resistance  of  certain 
grasses,  cliff rose,  aspen,  bitterbrush,  red-stem  ceanothus,  service- 
berry,  honeysuckle,  rose,  true  mountainmahogany ,  snowberry,  and  big 
sagebrush.   The  studies  made  on  these  species  were  conducted  at  var- 
ious places  in  the  western  range  area  under  spec  if io  edaphic  and 
climatic  influences.  We  need  to  know  how  these  species  react  to 
grazing  under  the  varied  ecological  influences  that  prevail  on  the 
ranges  with  which  we  are  concerned  and  how  and  when  seasonal  growth 
is  made.  We  need  similar  information  with  respect  to  other  deer 
browse  and  forb  species  such  as  curlleaf  mountainmahogany,  oak, 
ohokecherry,  elderberry,  penstemon,  Indian  paintbrush,  lupine,  aster, 
Ligusticum,  meadowrue,  gerani;:im,  and  others. 

This  information  could  be  obtained  from  clipping  studies  con- 
ducted within  areas  receiving  total  grazing  protection;  from  open 
range  studies  on  areas  subject  to  varied  grai'.ing  intensity;  from 
pasture  studies  wherein  grazing  intensity  would  be  subject  to  more 
rigid  control,  or  from  various  combinations  of  the  above.  Clipping 
studies  provide  excellent  grazing  control  from  the  standpoint  of 
volume  of  material  removed,  but  they  present  the  problem  of  simu- 
lating natural  grazing  activity  (method  of  removal).  Then,  too, 
browse  plants  which  have  received  total  grazing  protection  for  a 
period  of  years  seem  to  exhibit  different  physiological  processes 
than  plants  subjected  to  grazing,  i.e.,  more  of  their  energy  is 
diverted  into  short  spur  and  flower  production  than  into  shoot 
growth  with  a  resultant  alteration  of  growth  form.   A  more  natural 
approach  to  the  problem  can  be  obtained  from  open  range  studies 
which  permit  investigation  of  all  plants  of  a  gi'en  species  on  an 
area  and  also  of  the  community  as  a  whole.   Open  range  studies,  how- 
ever, may  require  the  establishment  of  widely  separated  study  units 
in  order  to  obtain  the  required  degrees  of  grazing  pressure  and  even 
then  complications  might  arise  from  the  complete  lack  of  grazing 
control.   Pasture  studies  would  provide  more  rapid  and  accurate  ma- 
nipulation of  grazing  populations;  they  would  also  be  more  limited 
in  scope  and  very  costly  to  establish. 

To  date  no  phase  of  the  project  investigations  has  been  pointed 
specifically  at  the  problem  of  proper  use  although  some  data  already 
obtained,  such  as  tagged-twig  measurements,  may  be  helpful  in  arriv- 
ing at  conclusions.   .,,.  ,,.,•■  .-  f 

The  proposed  procedure  for  investigating  this  problem  will  in- 
volve both  clipping  and  open  range  techniques.  The  trends  result- 
ing from  different  degrees  of  use  will  be  followed  by  measuring 
volume  of  forage  produced  and  establishment  of  new  plants.  Weight 
estimates  (Ocular  Estimate  by  Plot,  Pechanec  and  Pickford,  1937), 
utilization  determinations  (measiired  and  estimated),  and  photo- 
graphs will  be  used. 

Initial  emphasis  will  be  placed  on  browse  because  it  provides 
the  bulk  of  winter  forage  for  game  and  it  is  the  winter  ranges  that 
are  generally  inadequate. 
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Limitations  inherent  in  the  clipping  studies  will  be  somewhat 
compensated  by  open  range  studies  and.  vice  versa.   If  we  could 
accomplish  further  control  by  means  of  a  pasture,  that  would  be 
ideal,  but  whether  this  would  b?  justified  in  light  of  the  high 
cost  and  areal  limitation  is  questionable. 

Studies  on  utilization  standards  are  to  be  started  in  1950 
and  will  be  given  high  priority  by  the  Intermountain  Forest  and 
Range  Experiment  Station. 

3.   Game  range  condition  and  trend. 

Range  condition  is  generally  considered  a  relative  state  of 
range  health  compared  to  a  standard  or  opt imam  nondition  based  on 
the  potentialities  of  the  site.   This  standard  should  fulfill  two 
requirements:   first,  soil  stability  should  be  insared,  and  sec- 
ondly, the  most  desirable  forage  within  the  capability  of  the  site 
should  be  provided. 

Since  game  and  livestock  differ  somewhat  in  forage  pref  ere.nces , 
satisfactory  condition  and  trend  of  range  may  differ  and  the  stand- 
ard condition  estab.lished  might  d.iffi^r.      For  pxarap.'l.e,  a  climax  grass 
type  might  be  considered  excellent  range  for  cattle  and  any  material 
change  in  cover  toward  a  browse  type  would  bi:?  classed  as  downward 
trend.   However,  a  change  to  browse  might  be  desirable  for  deer 
provided  soil  could  be  kept  stabilized.   On  common  ,;se  range  a  com- 
promise between  the  two  might  be  the  objective.   Consideration  of 
this  should  be  given  in  the  artificial  revegetaticn  program  on 
game-livestock  range. 

In  Utah,  as  elsewhere  in  the  West,  there  are  understocked  game 
ranges,  ranges  with  varying  degrees  and  length  of  p=<,riods  of  over- 
stocking, ranges  o.-erstocked  by  both  game  and  livestock,  ranges 
overstocked  with  only  game  or  only  livostook,  and  deteriorated 
range  where  excessive  stocking  of  game  has  been  at  least  partially 
corrected  by  controlled  hunting. 

There  is  often  sharp  disagreement  between  stookmen,  sportsmen, 
and  management  agencies  on  condition  and  trend  of  game  range.   This 
greatly  hampers  efforts  now  being  made  to  balance  grazing  animals 
with  forage  supply.   There  is  nned  for  clarifying  the  status  and 
limitations  of  criteria  of  game  range  condition  and  trend  now  in 
use. 

Some  gross  guides  often  used  are  entirely  unreliable.  The 
public  and  some  administrators  may  olamor  for  more  deer  on  ranges 
already  overstocked  on  the  basis  that  deer  are  only  a  fraction  of 
their  former  numbers,  when  in  reality  forage  supply  has  gone  down- 
hill faster  than  deer  numbers  and  further  reductions  are  needed. 
Unsuccessful  huntars  used  to  hunting  on  overpopulated  range,  may 
lament  ruined  hunting  grounds  when  actually  deer  from  that  herd 
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may  starve  when  winter  comes «   Sports-men  huxTting  on  summer  or 
intermediate  range  in  fair  condition  may  thini  th^  dear  herd 
should  be  increased,  not  realizing  that  a  serious  shortage  of 
winter  forage  is  the  limiting  factor. 

Indicators  now  known  are  often  misused  because  of  lack  of 
appreciation  of  their  limitations  and  true  va3uf-,So   Highlining  of 
cedar  and  tall  shrubs  and  hedging  of  palatable  shrubs  are  often 
used  to  indicate  problem  areas  where  reductions  are  needed.   When 
such  indicators  are  readily  apparent,  serious  damage  has  already 
occurred  before  the  trouble  is  recognized„   In  some  cases  knowl- 
edge is  lacking  regarding  the  better  species  and  whet  constitutes 
moderate  use.   Moderate  use  of  aspen,  around  50  to  65  percent,  is 
often  used  as  a  basis  for  stocking  deer  on  summer  range.   Because, 
as  recent  research  in  Utah  has  shown,  many  plants  are  preferred  to 
a  greater  degree  than  aspen,  m.odarat?  use  of  aspt>n  by  deer  might 
be  an  indicator  of  overstocking  rather  than  of  proper  stocking  on 
many  ranges. 

More  precise  and  true  indicators  of  range  condition  are  needed 
for  classifying  game  ranges  for  remedial  action.   Likewise,  indica- 
tors which  will  aid  in  detecting  at  an  early  stage  upward  or  down- 
ward trends  are  needed  to  judge  results  of  the  management  program. 

Principles  and  conoepts  of  range  condition  and  trend  have  been 
formulated  in  recent  years.   Indicators  have  been  worked  out  for  -  "'^ 
livestock  rfe,nge  in  a  few  major  types  in  the  West  including  the  sib" 
alpine  range  in  central  Utah.   No  work,  other  than  general  obser'/a- 
tions,  has  been  done  to  date  on  condition  and  trend  of  game  range. 
However,  the  principles  worked  out  for  livestock  range  will  apply 
to  game  range  and  provide  a  working  basis  of  concepts  and  methods. 

To  determine  criteria  for  game  r'lnge  condition  and  trend,  the 
first  step  is  to  set  standards  with  which  to  compare  other  condi- 
tions.  Ideal  conditions  for  game  range  are  not  known.   Soil  sta- 
bilization, where  a  balance  between  vegetation  and  soil  is  maintained, 
is  a  prime  requirement,  but  othar  standards  may  be  difficult  to  de- 
termine.  Information  already  avaU.able  from  forage  preference  studies 
will  give  some  background  as  to  the  forage  that  would  be  desirable. 
Further  concepts  of  the  desired  and  potential  optimum  conditions  can 
be  gained  by  examining  soil  and  vegetation  of  rf^.ng''-^  that  has  not  been 
overgrazed  and  by  piecing  together  evidence  from  parts  of  grazed 
range  in  differing  degrees  of  depletion  and  relating  these  to  condi- 
tions and  normal  processes  observed  on  undisturbed  range. 

By  comparing  the  standard  with  ranges  in  various  stages  of  de- 
pletion as  a  result  of  overuse  by  different  game  species,  combina- 
tions of  game  species,  and  combinations  of  game  and  livestock,  it 
should  be  possible  to  determine  specific  things  relating  to  soil 
and  vegetation  which  indicate  the  relative  condition  of  the  range 
and  the  class  or  classes  of  animals  responsible  for  those  conditions. 
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In  determining  indicators  of  game  range  trend  it  will  be  neces- 
sary to  make  observations,  measurements,  and  photographs  of  soil  and 
vegetation  over  a  period  of  time  on  ranges  with  various  degrees  of 
stocking — including  light,  moderate,  and  heavy  stocking  on  areas  of 
depleted  range.   Areas  where  game  numbers  h-ive  been  sharply  reduced, 
areas  building  up  to  peak  populations  and  those  where  game  herds  have 
had  continuous  but  inadequate  reductions  would  be  dfisira,ble  for  range 
trend  studies. 

Research  should  enable  us  to:   (l)  formulate  indicators  now 
known  for  use  in  management  of  game  ranges j  (2)  correct  misinter- 
pretations where  these  exist  with  known  indicators;  and  (3)  discover 
new  indicators. 

Studies  on  indicators  of  condition  and  trend  will  be  started  in 
1950  and  will  be  given  high  priority  by  the  Intsrmountain  Forest  and 
Range  Experiment  Station. 

4.   Grazing  capacity  of  game  range 

Grazing  capacity  of  most  game  ranges  involves  the  ability  of 
range  to  support  big  game  in  addition  to  livestock  while  at  the  same 
time  providing  adequate  watershed  protection.   On  private  range, 
livestock  use  is  the  main  objective-  with  game  st-oondary.   Some  pub- 
lic range  is  closed  to  livestock  and  game  grazing  is  secondary  only 
to  watershed  protection.   However,  on  the  majority  of  public  range 
land  an  attempt  is  made  to  secure  maximum  sustained  use  by  both  game 
and  livestock. 

In  any  cooperative  management  plan  it  is  desirable  to  know 
grazing  capacity  for  both  game  and  livestock  in  terms  of  actual  num- 
bers of  animals.  For  game  management  plans  w^  need  to  develop  meth- 
ods whereby  we  can  determine  for  a  given  range  the  optimum  numbers 
of  game  that  should  ba  grazed  and  how  to  adjust  grazing  capacity 
estimates  for  game  to  allow  for  livestock  use  and  vice  versa. 

For  determining  grazing  capacity  for  livestock  no  method  has 
replaced  the  practice  of  actual  records  of  livestock  use  and  their 
effect  on  the  range.   Supplem'^snts  such  as  range  surveys  and  dif- 
ferent kinds  of  study  plots  have  furnished  basic  data  and  have 
proved  helpful.   The  problem  is  yet  far  from  solved  on  many  ranges. 
Very  little  work  has  been  directed  to  methods  of  determining  graz- 
ing capacity  for  game,  although  the  need  has  been  recognized  and 
general  knowledge  has  been  used  in  adjusting  livestock  grazing  to 
allow  for  game  use. 

Studies  now  in  progress  on  forage  preferences  and  grazing  pat- 
terns, census  methods,  and  herd  produoti^'•ity ,  Hnd  studies  soon  to 
be  started  on  utilization  standards  and  condition  and  trend,  should 
yield  data  upon  which  to  base  grazing  capacity  of  game  range. 
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Three  general  methods  of  determining  grazing  capacity  for  game 
seem  possibles 

A.  Pasture  or  paddock  studies  with  known  numbers  of  animals. 
Advantages  and  limitations  of  this  method  have  been  discussed  under 
competition  studies  on  page  15. 

B.  Where  game  numbers  can  be  determined  accurately,  actual 
use  records  on  properly  grazed  range  or,  where  proper-ly  grazed 
range  is  not  available,  use  records  coupled  with  utilization  studies, 
might  be  used.   Determining  utilization  of  forage  and  actual  game 
numbers  present  are  two  of  the  greatest  diff ir-ulties  in  arriving  at 
carrying  capacity  for  game,  particularly  deer,  with  any  degree  of 
accuracy.   The  use  of  the  paUA^t  grO'-'.p  count  to  determine  deer-days 
of  use,  supplemented  with  astimatos  of  fornge  volume  and  utilization, 
may  overcome  this  difficulty  on  some  ranges.   The  pellet  group  method 
also  has  limitations  since  accurate  counts  are  impossible  in  some 
types  with  dense  vegetation. 

C.  On  types  where  it  is  impossible  to  count  game  or  pellet 
groups,  a  method  relating  forage  utilii^ation  and  length  of  season 
grazed  with  total  forage  available  and  total  length  of  grazing  sea- 
son might  prove  usable.  With  accurate  kill  records  correlated  with 
forage  utilisation  over  a  period  of  years,  the  n^omber  of  deer  which 
could  be  harvested  on  a  sustained  yield  basis  could  be  determined. 

Work  on  grazing  capacity  in  pasture  and  paddock  studies  is  in 
progress  at  the  Utah  State  Agricultural  College  in  connection  with 
forage  preference  and  forage  requirement  studies.   Because  determi- 
nation of  grazing  capacity  on  open  range  required  other  basic  data, 
work  by  the  Forest  Service  on  this  phase  of  study  will  be  only  in- 
cidental, for  the  present., 

5 .   Watershed  values  and  big 

Game,  as  well  as  livestock,  influence  erosion  and  streamflow 
through  their  influence  on  vegetation  and  soil,,  Changes  brought 
about  by  big  game  and  livestock  differ  since  their  forage  prefer- 
ences and  grazing  habits  are  different.   Overstocking  of  deer  on 
winter  range  from  which  livestock  have  been  excluded  sometimes 
results  in  change  from  shrub  to  perennial  grass  type.   On  other 
areas  where  livestock  have  depleted  seed  stock  of  grasses  the  change 
may  be  from  a  desirable  mixture  of  shrubs  to  a  shrub  type  of  lower 
value  or  even  to  an  annual  cover  type.  For  example-,  on  the  Kamas 
deer  winter  range,  bitterbrush,  thii  mountfci.inmahoga.nies,  and  sage- 
brush are  being  killed  on  deer  concentration  areas  and  wheatgrass 
is  replacing  them.   Is  wheatgrass  a  better  watershed  cover  than 
browse  or  a  mixture  of  grass  and  browse?   On  deer-sheep  range  in 
Manning  Creek  below  the  Fishlake  National  Forest  boundary,  bitter- 
brush  has  been  destroyed  by  sheep  and  deer,  perennia.1  grasses  have 


been  practically  eliminated  by  sheep,  and  sagebrush  is  being  re- 
placed by  rabbitbrush  due  to  excessive  deer  use.   What  are  the 
effects  of  such  cover  changes  in  their  initial  and  successive 
stages? 

Deer  concentrate  on  south  and  west  exposures  of  winter  range 
in  early  spring  when  the  soil  is  wet  and  loose  in  search  of  the 
first  green  growth.  Elk  likewise  ooncentrata  on  looe.li'i^ed  areas 
when  the  ground  is  wet  and  apparently  cause  considerable  soil  dis- 
turbance. Although  such  areas  are  usually  limited  in  size  they 
may  constitute  a  serious  sedimentation  problem. 

No  work  has  been  done  to  date  on  the  effects  of  big  game  on 
watersheds.   Much  information  available  from  studies  on  effect 
of  livestock  grazing  would  apply  to  game  grazing.  However,  soil 
and  cover  changes  brought  about  by  big  game  difff-:r  so  greatly  from 
those  induced  by  livestock  that  they  constit'^te  e,   distinct  problem 
for  research.   Solution  of  this  problem  is  important  in  the  manage- 
ment of  big  game  on  watersheds. 

That  this  problem  overlaps  condition  and  trend  studies  is 
realized  since  both  are  concerned  with  soil  and  vegetative  changes. 
However,  since  studies  of  watershed  values  would  differ  as  to  loca- 
tion and  detailed  methods  it  is  desirable  to  make  this  a  separate 
study.  Attention  will  be  given  to  this  problem  as  time  and  funds 
permit. 

6.  Determining  game  numbers 

One  of  the  first  tasks  facing  the  big  game  administrator  and 
possibly  the  most  challenging  is  the  determination  of  the-  approxi- 
mate numbers  of  animals  which  he  is  managing.   It  is  sf-."',dom  pos- 
sible to  make  a  complete  enumeration  such   as  is  possible  with 
domestic  livestock.   Therefore,  partial  or  sample  ooiAnts  or  other 
indirect  methods  are  necessary  to  approximate  big  gr-.me   populations. 
Perha,ps  the  most  common  census  method  is  an  intensive  census  of 
small  representative  areas  with  the  results  applied  to  Harger  areas. 
It  is  much  like  a  timber  orjise  in  which  a  smcJ.l  percent  of  the  tim- 
ber is  measured  and  the  total  volume  of  timber  on  the  area  calcu- 
lated from  the  sample  cruise.   Strip  counts  of  deer,  deer  drives 
on  sample  areas,  "spot"  counts  etc.,  are  all  variations  of  the  same 
method.  The  results  from  sample  cruises  are  iisueJ,ly  ac -urate 
enough  to  indicate  trends  for  management  purposes  where  the  terrain 
and  deer  distribution  are  fairly  uniform. 

An  enumeration  of  signs  is  frequently  used  as  a  means  of  ascer- 
taining big  game  numbers.   Track  counts  of  migrating  animals  have 
been  made  where  there  is  a  constriction  across  the  migration  route. 
Feasibility  of  the  method  is  usually  contingent  upon  whether  a  road 
runs  across  the  migration  route  which  permits  old  tracks  to  be  oblit- 
erated after  a  dai].y  cou.nt  of  tracks.   Pellet  group  counts  afford 
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another  means  of  censusing  big  game.   Information  which  must  be 
available  for  application  of  this  method  is  a  count  of  pellet 
groups  on  sample  units  of  the  range,  the  period  of  time  during 
which  they  were  dropped,  and  the  defecation  rate  of  the  big  game 
species.   This  method  appears  to  be  feasible  where  the  winter  and 
summer  range  of  the  big  game  species  is  fairly  distinct.   Pellet 
group  counts  can  be  made  on  the  winter  range  and  are  readily  dis- 
tinguished from  those  of  the  previous  winter.   The  period  of  time 
which  the  herd  spent  on  the  area  can  be  determined  from  field  ob- 
servations as  to  when  they  move  onto  and  off  the  winter  range. 

Numbers  of  big  game  can  frequently  be  calculated  by  means  of 
ratios.   For  example,  if  a  number  of  animals  are  trapped,  tagged, 
and  released  and  the  total  kill  during  the  following  hunt  can  be 
determined,  total  population  can  be  approximated  as  follows o 

Total  deer  tagged       Total  population 
Tagged  deer  killed   ""   Total  deer  killed 

The  same  method  can  be  applied  to  a  situation  wherein  a  number  of 
deer  are  trapped,  marked  conspicuously,  and  released.  Soon  after 
release  a  count  is  made  and  the  following  ratios  obtained: 

Total  deer  marked       Total  population 

.  1^,  '-,  Marked  deer  seen    ~   Total  deer  seen 

Changes  registered  in  the  ratios  between  age  and  sex  classes  because 
of  disproportionate  kills  or  losses  through  hunting  or  seasonal  mor- 
tality likewise  afford  a  method  of  censusing.   This  method  is  con- 
tingent upon  field  classifications  of  live  animals  by  sex  and  age 
classes  both  before  and  after  the  period  of  disproportionate  mor- 
tality in  the  sex  or  age  classes.   Also,  an  accurate  sample  of  the 
animals  which  died  or  were  killed  must  be  obtained  by  sex  and  age 
classes. 

Under  certain  conditions  Gomp.lete  counts  of  game  herds  are 
possible.   This  is  especially  true  for  elk  and  antelope  where  herds 
are  concentrated  on  small  areas  or  where  they  are  found  out  in  the 
open.   The  airplane  has  proved  to  be  very  effective  in  counting 
these  two  species. 

Some  wildlife  managers  take  the  view  that  it  is  not  necessary 
to  know  the  populations  of  big  game  herds.   They  reason  that  yearly 
trend  data  of  herd  numbers  correlated  with  kill  data  and  observations 
of  range  forage  conditions  and  utilisation  are  all  the  information 
required  for  proper  herd  management.   This  may  be  true  for  individ- 
ually managed  herds.   However,  if  the  results  of  research  from  studies 
of  sample  herds  or  of  managed  herds  are  to  have  widespread  application, 
it  becomes  necessary  that  we  have  some  knowledge  of  total  big  game 
numbers.   Net  increase  and  various  mortality  percentages  must  be  de- 
termined from  a  common  base,  that  is,  total  herd  numbers.   It  is  also 
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becoming  Increasingly  more  important  that  we  have  data  on  total  num- 
bers of  big  game  in  any  permanent  management  plan  in  order  that  range 
use  be  allotted  between  big  game  and  livestock. 

Although  methods  discussed  above  have  been  worked  out  in  various 
parts  of  the  nation  they  all  have  their  limitations  and  shortcomings. 
The  job  for  research  is  to  determine  the  most  accurate  and  practical 
census  methods  for  use  under  the  various  conditions  of  the  Inter- 
mountain  region.   The  following  methods  are  now  being  studied  by  the 
Fish  and  Wildlife  Service: 

A.  Winter  reconnaissance  method — to  be  used  annually  on  two 
areas  in  Utah  and  one  in  Nevada. 

B.  Airplane  census — as  time  and  funds  permit. 

C.  Pellet  group  count  method — to  be  applied  annually  on  two 
areas  in  Utah. 

D.  Sex  ratio  method — to  be  applied  annually  on  two  Utah  areas 
and  one  in  Nevada. 

E.  Lincoln  index  method — as  time  and  funds  permit. 

F.  Strip  census  method  on  summer  range — -as  time  permits  on 
two  areas  in  Utah  and  one  in  Nevada. 

Items  G  and  D  are  being  given  high  priority. 

7.   Seasonal  and  permanent  migrations  of  big  game 

The  big  game  manager  not  only  must  have  some  oonoept  of  the 
numbers  of  animals  he  is  managing  but  he  also  naeds  to  know  some- 
thing of  their  seasonal  and  range  movements.  The  need  for  this 
information  is  especially  pressing  when  the  administrative  agencies 
wish  to  reduce  game  numbers  through  hunting  on  a  problem  area  on  the 
winter  range.   Deer  and  elk  are  normally  on  their  summer  range  at  the 
time  of  the  annual  fall  hunt.   Hence,  it  is  desirable  and  important 
to  know  where  deer  from  problem  winter  range  areas  are  at  the  time 
of  the  hunting  season.   Seasona].  movements  of  big  game  can  be  fol- 
]J,owed  by  close  observations  during  the  migration  period  or  through 
a  marking  and  tagging  program  of  the  animals  while  they  are  on  the 
winter  range.  Returns  from  hunters  who  have  killed  tagged  animals 
or  field  observations  of  marked  deer  serve  to  supplement  general 
observations  of  herd  movements. 

It  appears  from  observations  and  studies  which  have  already 
been  made  that  big  game  species  have  a  "homing"  instinct  in  that 
they  usually  return  to  the  same  general  ranges  year  after  year. 
Deer  especially  are  so  persistent  in  this  trait  that  many  instances 
have  been  noted  where  large  numbers  of  deer  have  died  of  malnutri- 
tion during  the  winter  when  an  abundance  of  readily  available  forage 
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existed  on  nearby  ranges  not  more  than  3  or  4  miles  distant.   Tag- 
ging studies  and  field  observations  have  further  revealed  that  the 
seasonal  and  range  movements  are  more  restricted  than  believed  by 
many  people.   A  seasonal  movement  of  20  to  30  miles  is  about  the 
maximum  for  most  big  game  in  Utah.   However,  deer  wintering  in 
Daggett  County  in  the  northeastern  portion  of  the  State  are  believed 
to  travel  50  to  60  miles  or  possibly  more  from  the  summer  range  of 
the  high  Uinta  Mountains  to  the  west.   Tagging  studies  made  at  Logan, 
Utah,  showed  that  essentially  all  tagged  deer  which  were  killed  dur- 
ing the  hunting  season  were  taken  within  the  Logan  Canyon  drainage. 
There  is  considerable  evidence,  however,  elsewhere  in  the  State  that 
many  deer  wintering  on  the  west  side  of  the  mountain  ranges  summer 
on  the  east  side.   Most  of  the  winter  deer  concentration  areas  are 
found  on  the  foothill  slopes  on  the  west  side  of  the  mountain  ranges. 
It  would  appear,  therefore,  that  many  of  the  deer  move  over  the  di- 
vides to  the  east  side  of  the  mountain  ranges  during  the  summer. 

A  rather  interesting  movement  of  deer  is  evident  in  the  Raft 
River  Mountain  region  in  the  northwestern  part  of  the  State.   There 
are  only  an  estimated  500  deer  in  this  area  during  the  summer  and 
yet  during  the  1947  hunting  season  an  estimated  754  bucks  were  killed 
in  this  region.   If  this  number  represents  half  of  the  bucks  there 
would  still  have  to  be  a  surviving  population  of  at  least  4,000  deer 
which  spend  the  winter  in  the  area.   From  observations  of  employees 
of  the  Utah  State  Fish  and  Game  Department  it  appears  that  most  of 
these  deer  summer  in  Idaho  and  that  the  fall  movement  into  Utah  is 
initiated  by  hunting  activities  in  Idaho  where  the  deer  season  opens 
a  few  days  prior  to  the  season  in  Utah. 

The  Utah  State  Fish  and  Game  Commission  has  set  up  a  Federal  aid 
project  for  the  purpose  of  determining  summer  range  boundaries  for 
deer  herds  in  the  State,   Work  is  to  be  started  where  overpopulations 
occur  on  the  winter  range  and  little  information  exists  regarding 
their  whereabouts  during  the  hunting  season.   It  is  proposed  that  a 
number  of  deer  on  these  problem  winter  ranges  be  tagged  in  the  hope 
that  returns  will  help  solve  some  of  the  deer  migration  riddles <> 

Studies  on  movements  of  deer  in  relation  to  snow  depths  and 
temperatures  will  be  made  at  Ephraim  where  snow  and  weather  records 
are  taken.   Observations  will  also  be  made  in  connection  with  census 
methods  study.   Range  movements  of  deer  will  be  studied  by  earmarking 
and  tagging  fawns  at  Oak  Creek  and  Ephraim  Canyon. 

The  Fish  and  Wildlife  Service  and  Utah  Stats  Agricultural  Col- 
lege in  conjunction  with  the  Utah  State  Fish  and  Game  Department  are 
now  engaged  in  studies  mentioned  above  and  expect  to  continue  work 
along  this  line. 

8.   Productivity  of  game  herds 

The  percent  of  a  game  hard  that  can  be  harvested  annually  with- 
out decreasing  the  base  or  breeding  stock  is  commonly  known  as  n^t 


increase.   Knowledge  of  this  value  for  each  game  herd  is  especially 
useful  to  the  manager.  Net  increase  is  not  a  set  value  for  any  one 
species  nor  is  it  necessarily  the  same  for  any  one  game  herd  from 
year  to  year.  However,  if  these  lvalues  can  be  determined  for  certain 
herds  under  a  known  set  of  conditions,  then  the  values  can  be  adjusted 
upward  or  downward  to  correspond  to  changing  conditions.   Average  net 
increase  percentages  which  have  been  derived  after  several  years  of 
continuous  study  are  of  considerable  val  at)  in  management.   The  per- 
cent net  increase  is  necessarily  dependent  upon  various  factors  which 
can  be  controlled  to  somy  degroo  by  managemont.   For  deer  the  net 
change  may  vary  from  a  low  of  minus  50  percent  to  a  high  of  plus  60 
to  70  percent.   Nogativv^  values  are  usually  restricted  to  herds  which 
are  forced  to  subsist  on  depleted  ranges  during  severe  winters.   An 
annual  net  increase  of  about  70  percent  was  recorded  for  a  small  herd 
of  white-tailed  deer  in  Michigan  for  a  S-yea"  period. 

The  Colorado  Game  and  Fish  Department  believes  that  mule  deer 
herds  in  their  State  make  about  a  33  percent  net  in^^rease.   Utah  uses 
the  more  conservative  value  of  .25  percent  in  predicting  herd  increment. 
This  value  was  substantiated  in  part  by  a  st'idy  of  the  Fishlake  herd 
which  showed  an  average  of  21   percent  for  the  3-year  period,  1940- 
1942.   From  present  information  it  appears  t?xat  the  net  increase  for 
most  deer  herds  may  fall  within  the  range  of  20  to  35  percent. 

The  reproductive  potent ie.l  of  antelope  is  much  the  same  as  that 
of  deer  so  that,  other  conditions  being  equal,  the  net  increment  could 
be  expected  to  approxim.'ite  that  of  deer«   However,  small  antelope 
herds  present  in  the  west  desert  of  Utah  have  failed  to  increase  for 
years.   The  cause  for  this  static  condition  is  uriknown  but  a  State 
Pittman-Robertson  project  is  under  way  at  present  to  investigate  the 
reasons. 

The  net  increase  for  elk  can  reasonably  be  expeated  to  fall  be- 
low that  for  deer  or  antelope.  Also,  cow  elk  are  not  sexually  mature 
until  they  are  a  year  older  than  deer  or  antelope.   The  increment 
rate  for  elk  normally  is  believed  to  range  from  15  to  25  percent. 
Small  herds  under  ideal  conditions  have  been  known  to  make  phenomenal 
increa,ses  of  40  percent  or  more,  but  this  is  probably  never  attained 
by  large  herds  under  western  range  conditions. 

Much  needs  to  be  done  in  the  way  of  productivity  studies  of 
specific  game  herds  to  determino  the  potential  increases  and  losses 
to  which  they  are  subjected.   Records  of  legal  kill  combined  with 
census  data  on  one  Nevada  and  three  Utah  deer  units  are  being  col- 
lected and  will  be  continued  o'ver  a  period  of  years  to  determine 
net  increase.   Such  sti^idies  when  correlated  with  studies  of  factors 
affecting  net  increase  should  supply  valuable  data  for  application 
to  other  gam.e  herds. 
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9.   Factors  affecting  big  game  productivity 

;V  ■  Productivity  is  defined  in  the  dictionary  as  the  power  or 
capacity  of  yielding  or  bringing  forth.  As  applied  to  a  deer  herd 
it  means  more  specifically  the  capacity  for  producing  fawns.   Pro- 
ductivity may  be  divided  into  two  classes,  potential  productivity 
and  net  increase.   Potential  productivity  means  the  numbers  of  ani- 
mals produced  by  a  herd  when  no  losses  occur.   This  value  has  more 
meaning  when  expressed  as  a  percentage  of  the  base  or  breeding  herd 
numbers.   The  does  of  mule  deer  rarely  produce  young  until  they  are 
2  years  old,  and  usually  but  one  offspring  is  produced  at  the  first 
fawning.   Thereafter,  twins  appear  to  predominate  with  an  occasional 
triplet  occurring.   Very  old  does  are  believed  to  be  much  like  do- 
mestic animals  in  that  their  reproductive  rate  is  reduced  below  that 
of  the  prime-aged  group. 

Oftentimes  proper  herd  management  can  do  much  to  raise  the  net 
increase  of  herds  and  after  all  it  is  the  number  of  animals  which 
survive  to  be  harvested  by  hunters  or  added  to  the  breeding  herd 
that  actually  counts.   Forage  supply  perhaps  has  the  greatest  single 
influence  upon  net  increase  of  any  of  the  factors  which  affect  sur- 
vival.  Physical  conditions  of  the  animals  at  the  time  of  the  rutting 
season  may  have  a  decided  bearing  upon  the  conception  rate.   Avail- 
ability of  essential  minerals  and  a  plentiful  supply  of  nutritious, 
palatable  forage  are  essentials  for  top  physical  condition.   Numbers 
and  survival  of  newborn  fawns  are  unquestionably  tied  in  closely  with 
nutrition  and  physical  condition  of  the  does.   Does  in  good  physical 
condition  undoubtedly  produce  more  milk  for  their  offspring  than  those 
in  poor  condition.   Such  a  factor  alone  could  result  in  higher  fawn 
survival  on  good  ranges. 

The  sex  ratio  in  the  breeding  herd  has  a  very  decided  effect 
upon  productivity.   The  wider  the  sex  ratio  following  the  hunt  the 
greater  the  percent  of  increase  providing  there  are  enough  bucks  to 
breed  the  does.   Close  control  of  the  larger  predators  is  likewise 
important  if  an  optimum  herd  net  increase  is  to  be  attained.   Strict 
law  enforcement  is  another  factor  in  increasing  net  increase. 

Pregnancy  data  have  shown  that  mule  deer  does  may  have  an  aver- 
age of  1.2  to  1.8  fetuses  per  doe  of  breeding  age.   Should  all  of 
these  fawns  live  and  no  other  losses  or.our  in  the  herds,  the  poten- 
tial productivity  would  probably  be  somewhere  between  40  and  90  per- 
cent.  From  this  high  potential  the  net  change  registered  by  a  herd 
at  the  end  of  the  year  may  be  all  the  way  from  a  negative  value  to 
a  positive  one  of  70  percent.   From  the  number  of  fetuses  carried  by 
the  does  in  a  herd  must  be  deducted  all  losses  sustained  by  the  herd 
during  the  year  except  those  through  Hegal  hunting. 

This  wide  disparity  between  potential  productivity  and  net  in- 
crease values  in  deer  herds  suggests  that  there  may  be  great  pos- 
sibilities of  increasing  production  through  better  game  management. 
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We  need  to  determine  more  definitely  the  causes  of  deer  losses  and 
how  they  might  be  prevented.   For  this  purpose  the  following  studies 
are  being  made  by  the  Fish  and  Wildlife  Service  with  the  State  Fish 
and  Game  Department  and  Utah  State  Agricultural  College  cooperating: 

A.  Pregnancy  studies  of  deer  throughout  Utah  to  determine  net 
increase. 

B.  Winter  mortality  studies  by  the  survey  method  and  over- 
winter changes  in  age  classes. 

C.  Summer  mortality  studies  employing  differences  in  total  loss 
and  winter  and  hunting  losses  and  possibly  by  new  methods  to  be  de- 
veloped. 

D.  Mortality  by  predators  by  comparing  net  increase  on  areas 
with  and  without  predator  control.   Studies  of  deer-mountain  lion 
relationships  are  now  under  way  at  Oak  Creek  in  Utah  and  Duck  Creek 
in  Nevada.   Studies  of  deer-coyote  relationships  will  be  made  as  time 
permits. 

E.  A  fawn  tagging  program  is  under  way  to  study  differences  in 
fawn  drop  and  survival  for  hunter  harvest. 

10.  Social  and  economic  factors 

The  solution  of  problems  arising  from  combined  use  of  range 
lands  by  big  game  and  domestic  livestock  cannot  be  found  in  a  study 
of  the  animals  nor  of  the  range  alone.   Each  of  these  resources  has 
economic  and  social  value  which  must  be  appraised  and  evaluated.   Un- 
doubtedly the  presence  of  game  reduces  the  capacity  of  ranges  for 
livestock  in  some  degree.   Similarly,  some  loss  of  forage  for  deer 
may  accompany  livestock  grazing.   Whether  the  competition  be  great 
or  small,  administrative  decisions  respecting  either  game  or  livestock 
have  implications  which  are  answerable  finally  only  if  the  effects  of 
these  decisions  upon  society  are  considered. 

What  is  the  relative  importance  of  game  and  livestock  on  the 
range  and  what  would  be  the  values  inx'-olved  if  game  were  reduced  in 
favor  of  livestock  or  vice  versa?  It  is  not  possible  to  answer  this 
simply  on  the  basis  of  dollars  and  cents.   Social  factors  which  can- 
not readily  be  appraised  enter  to  complicate  analyses.  Few  accurate 
data  are  available  from  which  conclusions  can  be  drawn.   It  will  be 
necessary  to  compile  statistics  of  social  and  economic  character  and 
devise  equivalents  by  which  unlike  values  may  be  equated  before  ra- 
tional decisions  can  be  made.   Solution  of  these  problems  can  be 
achieved  only  when  basic  information  on  other  phases  of  the  research 
program  becomes  vailable. 
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,  ,     The  Research  Program 

Based  on  information  contained  earlier  in  this  report,  it  is 
evident  that  deer  are  by  far  the  most  important  big  game  in  Utah 
needing  study.   Elk  are  important  on  several  areas  and  should  be 
included  in  the  study  as  time  and  funds  permit.   With  one  very 
productive  antelope  herd  in  the  State,  nnd  an  ambitious  antelope 
planting  program  under  way,  it  is  likely  that  studies  of  this 
species  should  be  included  in  the  future. 

Problems  upon  which  facts  are  especially  needed  are: 

The  determination  of  competition  between  deer  and  live- 
stock as  a  basis  for  a  sound  approach  to  this  controversial 
problem. 

Development  of  criteria  for  jiidging  range  condition  and 
trend  and  determination  of  utilization  standards  of  game 
forage  and  grazing  capacity  as  a  basis  for  managing  big  game 
■"'  '  range. 

The  determination  of  reliable  census  methods  and  pro- 
ductivity of  big  game  as  a  basis  for  manipulating  numbers 
on  a  sustained  yield  basis. 

Studies  of  deer  migrations  are  needed  on  some  areas  to  determine 
proper  hunting  season  and  special  hunts  on  probl'^'m  areas. 

The  effect  of  big  game  on  watersheds  is  in  need  of  investigation, 
especially  in  view  of  proposed  river  basin  developments.   Research 
should  be  started  on  this  problem  as  soon  as  time  and  funds  permit. 

Facts  on  social  and  economic  vd,lues  involved  in  game-livestook 
production  are  needed  as  a  basis  for  administrative  decision  on  the 
question  of  "how  many  Hivestock  and  how  many  big  game  animals"  on 
Utah's  overcrowded  ranges.   Research  should  be  started  on  this  problem 
as  soon  as  conditions  permit. 

In  the  selection  of  stijdy  areas  a  search  has  been  made  to  find 
natural  game  herd  units  with  representative  vegetal  cover  and  suit- 
able livestock  use  where  kill  records  could  be  checked  -.losely.   The 
same  intensity  of  stocking  has  also  been  sought  in  selecting  areas 
for  different  studies.   These  qualities,  so  importent  when  animal 
and  range  phases  of  study  are  corducted  together,  b-a.^e  been  impos-= 
sible  to  find  in  any  one  area.   Compromises  have  been  made  and  de-- 
sirable  features  sacrificed  in  order  to  carry  on  as  much  as  possible 
of  the  animal  and  range  phases  of  st-dy  together.   The  following 
areas  have  been  selected  for  study  to  date: 
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1.  Monroe  Mountain  Deer-Sheep  Unit — for  deer  food  habit  studies 
and  deer-sheep  food  habit  relationship  studies.   This  is  a  natural 
herd  unit  heavily  stocked  with  deer.   Half  of  it  is  grazed  by  sheep 
and  deer  and  half  by  deer  only.   This  is  typical  of  much  range  in 
south-central  Utah. 

2.  Oak  Creek  Deer-Cattle  Unit — for  deer  herd  studies  and  deer- 
cattle  food  habit  relationship  studies.   This  is  a  natural  herd  unit 
heavily  grazed  by  deer  and  cattle.   It  is  well  suited  for  deer  herd 
studies  but  is  not  so  typical  of  cattle  range  because  of  its  steep- 
ness and  predominance  of  shrub  type.   It  is  a  summer  problem  area  for 
deer — differing  from  the  majority  of  deer  ranges — but  it  is  represent- 
ative of  several  areas  in  this  category.  The  winter  range  although 
hard  hit  in  spots  is  reasonably  satisfactory  taking  all  factors  into 
consideration. 

3.  Ephraim  Deer  Herd  Unit— for  deer  herd  studies  and  for  limited 
deer-livestock  food  habit  relationship  studies.   This  area  is  rea- 
sonably satisfactory  for  deer  herd  studies  but  the  grazing  use  is  such 
that  it  can  be  used  only  to  a  limited  extent  for  deer-livestock  food 
habit  studies. 

4.  Kamas  Deer-Livestock  Unit--for  deer  winter  range  studies 
and  deer-cattle  and  possibly  deer-sheep  food  habit  studies  on  live- 
stock spring-fall  range.   This  range  is  heavily  stocked  with  both 
deer  and  livestock  and  some  areas  grazed  by  deer  only.   It  has  a  con- 
siderable amount  of  the  very  important  shrubs  such  as  true  mountain- 
mahogany,  curlleaf  mountainmahogany ,  bitterbrush,  and  serviceberry 
along  with  sage  and  oak.   While  hard  hit,  the  highly  palatable  shrubs 
have  not  been  killed  here  as  they  have  on  many  ranges.   The  area  is 
not  suitable  for  year  round  deer  herd  studies  because  of  unlimited 
and  undefined  summer  range  but  is  very  good  for  winter  range  studies. 
It  is  typical  of  the  northern  half  of  the  State  in  that  summer  range 
is  plentiful  and  winter  range  extremely  limited. 

5.  Parawan  Deer  Unit  (and  others  to  be  selected) — for  study  of 
seasonal  migration  and  range  of  important  deer  herds. 

6.  Controlled  studies  of  fore)ge  requirement  and  nutritive  value 
will  be  located  in  the  vicinity  of  Logan. 

Other  studies  such  as  deer-cattle  food  habit  studies  and  range 
condition  and  trend  will  be  conducted  on  several  areas  throughout 
the  State  wherever  suitable  facilities  and  conditions  can  be  located. 
Also,  studies  such  as  mountain  lion  food  habits,  deer  pregnancy 
studies  and  others  will  be  State-wide.   The  Hardware  Ranch  Game  Range 
Unit  is  being  considered  for  a  possible  study  area.   Other  areas  may 
be  selected  for  certain  phases  of  study  as  the  work  progresses. 
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The  various  phases  of  work  will  be  carried  on  simultaneously 
by  the  different  agencies  and  will  be  correlated  into  one  research 
program  as  shown  in  the  following  outline. 

An  Outline  of  the  Project  Research  Program 

An  asterisk  indicates  major  responsibility  or  center  of  activity. 
Letters  indicate  the  agencies  participating  in  the  various  studies: 
FS  =  Forest  Service,  FG  =  State  Fish  and  Game,  AC  =  Utah  State  Agri- 
cultural College,  FWL  =  Fish  and  Wildlife  Service,  and  RU  =  Wildlife 
Research  Unit. 

1.   Animal  phase 

a.  Census  methods 

(l)   Winter  reconnaissan'-e  -  (FWL*,  RU) 

(2)  Airplane  counts  -  (FWL*) 
■  '•  '  *   (3)   Pellet  group  counts  -  (FWL*,  AC*,  RU) 

(a)  Penned  deer  and  paddock-grazed  deer 

(b)  Application  to  open  range 

(4)  Sex  ratio  -  (FWL*,  RU) 

(5)  Lincoln  index  -  (FWL*,  FG*) 

(6)  Strip  census  -  (FWL^--,  RU) 

b.  Productivity  studies 

(1)  Legal  kill  and  population  trend  -  (FWL*,  FG*) 

(2)  Herd  composition  studies  -  (FWL*,  RU) 

(3)  Pregnancy  studies  -  (FWL*,  FG) 

(4)  Mortality  studies  -  (FWL^' ,  FG) 


-Z'i 

:   (a) 

Crippling  loss 

(b) 

Winter  loss 

!  ■■ ,  -1 

(c) 

Summer  loss 

'■'•-■''■-"' 

^  (d) 

Early  fawn  loss 

(e) 

Predation 
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c.   Miscellaneous  studies 

(1)  Weight  and  measuremant  studies  -  (FWL*,  RU*,  FG*) 

(2)  Migration  studies  (FG- ,  FWL) 

(3)  State-wide  big  game  inventory  (FG'"' ,  FWL) 

(4)  Life  history  studies  (FWL*^-,  FG*) 
2.   Range  phase 

a.   Big  game-livestock  food  habit  studies 

(1)  Open  range  studies  (FS'^') 

(a)  Deer  food  habit  stvdies 

(b)  Deer-sheep  food  habit  relationships 
(l_)   Forage  competition 

:  -      ■  ..       (2^)   Grassing  patterns  and  overlap  in  feed  grounds 

(c)  Deer-cattle  foci  habit  relationships 
{l)     Forage  competition 

(2)      Grazing  patterns  and  o^•■Terla,p   in  feed  grounds 

(2)  Feeding  native  forage  to  confined  animals  (AC*,  FG*) 
(a)   Winter  faading  of  deer 

(l_)  Varied  diets 
(2)   Restricted  diets 
.  '•.  ■■       (b)   Summer  feeding  of  deer  and  sheep 

(3)  Paddock  grazing  studies  (AC*,  FG*) 

(a)  Deer 

(b)  Livestock 

(4)  Miscellaneous  studies 

(a)   Utilization  standards  of  game  forage  (FS*) 
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(b)  Utilisation  techniques  (AC*,  FS) 

■  • ';  .  ,••■,.'  .    (l_)   Modification  of  Gassady's  unit-weight 

method 

(2)   Other  methods 

(c)  Nutritive  value  of  important  forage  plants  used 
by  gamo  (AG*,  FG*) 

(l_)  Gbomical  analyses 

(2)      Digestion  trials 

(d)  Analyses  of  forage  habit  approaches  (AG^,  FG*) 

(l_)  Study  of  reliability  of  species-minutes 

analyses 

(2)   Stndy  of  stoma'"h  analyses  in  relation  to 
food  intake 

•^.'  ,  b.   Indicators  of  game-livestock  range  condition  and  trend  (FS*) 

(1)  Game  range 

(2)  Deer-oattle  range   ,,.1, 
■:;.'r'    (3)   Deer-sheep  range 

c.  Carrying  capacity  studies 

(1)  Fenced  paddocks  with  known  n^^mbars  (AG*) 

(2)  Open  range  (FS^) 

3,  Social  and  economic  studies  (AG*) 

a.   Social  and  economic  factors  involved  in  game  and  livestock 
production 

4,  Evaluation  of  results  and  revision  of  research  program 

REVIEW  OF  LITERATURE 

This  review  of  literature  was  made  primarily  to  give  the 
authors  a  knowledge  of  work  already  aocomplished  on  the  problems  of 
big  game-livestock  relationships  and  on  related  studies  which  would 
contribute  to  this  sub,iect.   It  is  not  intended  to  be  exhaustive. 
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A  more  complete  list  of  references  on  wildlife  up  to  1938  was 
compiled  by  Renner  et_  al_  (1938)  and  the  history,  condition,  and  a 
program  for  improvement  of  the  western  range  has  been  reviewed  in  a 
report  by  the  U.  S.  Forest  Service  (1936). 

Forage  Survey 

Inventory  of  the  forage  resource  has  been  given  most  of  the 
attention  by  those  engaged  in  range  research  and  administration. 

The  point-observation-plot  (square-foot-density)  method  of  con- 
ducting range  surveys  was  developed  by  Stewart  and  Hutchings  (1936). 
This  method  and  the  reconnaissance  method  were  described  in  some  de- 
tail by  Pickford  (1940)  who  also  discussed  the  objectives,  values, 
extent,  and  application  of  rang©  surveys.   In  an  effort  to  standardize 
results,  a  method  for  conducting  game  range  surveys  was  recommended 
by  Schwan  and  Swift  (1941).   Dasmann  (1945)  criticized  the  recon- 
naissance and  square-foot-density  methods  of  making  range  surveys  be- 
cause they  fail  to  take  into  account  forage  volume  and  he  proposed 
another  method  involving  forage  weight,  allowable  cropping  factor, 
and  preference  rating.   He  also  (1948)  reviewed  the  various  range 
survey  methods  and  discussed  their  application  to  deer  range  manage- 
ment.  Standing  (1933)  was  one  of  the  first  to  try  and  replace 
density  with  volume  as  a  measure  of  productivity.   Smith  (1944) 
studied  the  reliability  of  forage  density  estimates  and  found  sig- 
nificant inter-and  intra-daily  variation  in  the  same  individual, 
among  different  men,  and  among  different  species.   In  addition,  he 
found  little  relation  between  average  density  estimates  and  actual 
forage  yield  as  determined  by  clipping.   Culley,  Campbell,  and  Canfield 
(1933)  have  discussed  the  values  and  limitations  of  clipped  quadrats. 
Humphrey  (1940)  pointed  out  the  difference  in  value  of  a  forage-acre 
on  different  ranges  and  suggested  the  use  of  more  than  one  forage-acre- 
requirement  in  range  surveys.   In  Texas,  Buechner  (1944)  employed 
three  sizes  of  plots  in  a  vegetational  study s  in  a  5-acre  plot,  species 
were  listed  for  presence,  in  a  |--acre  plot  crown  coverage  of  shrubby 
species  was  estimated,  and  in  a  100  square  meter  plot  herbaceous  cover 
was  estimated.   Key  species  and  key  areas  were  discussed  by  Mitchell 
(l94l)  and  the  key  species  concept  was  used  by  Rasmussen  (1939)  as  one 
of  four  forage  study  methods  applied  to  the  same  area.   Hanson  and  Ball 
(1928)  applied  Raunkiaer's  Law  of  Frequence  as  a  tool  in  studying  the 
effects  of  grazing  systems  upon  vegetation. 

Hanson  (1934) ,  after  a  comparison  of  various  methods  of  sampling 
the  prairie  forage  of  North  Dakota,  concluded  that  a  large  number  of 
small  samples  is  better  than  a  small  mjimber  of  large  samples.   The 
process  of  sampling  vegetation  on  sagebrush-grass  range  was  presented 
in  considerable  detail  by  Peohanec  and  Stewart  (1940)  and  Pechanec 
(1941).   Pechanec  (1937)  also  described  a  weight-estimate  method  for 
the  determination  of  range  production.   Carhart  and  Means  (1941)  used 
the  weight-estimate  method  in  appraising  range  for  deer  carrying  ca- 
pacity. Wilm,  Gostello,  and  Klipple  (1944)  reported  on  a  double- 
sampling  method  of  estimating  forage  yield  and  pointed  out  that  for 
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experimental  work  it  was  good  and  "in  large-scale  extensive  surveys, 
the  clipping  of  all  plots  may  prove  to  be  at  least  as  efficient  as 
any  short-cut  method." 

Grazing  capacity 

If  the  range  manager  can  determine  with  a  fair  degree  of  ac- 
curacy the  number  of  animals  that  his  range  will  properly  support, 
he  will  have  advanced  a  long  step  in  the  satisfactory  performance 
of  his  job, 

Stoddart  (1935)  proposed  a  method  of  determining  the  grazing 
capacity  of  wheat grass  range  that  involved  the  counting  of  wheat- 
grass  stalks  on  meter-square  quadrats  to  obtain  utilization;  this 
has  been  criticized  by  Pechanoo  (1936).   In  Colorado,  Douglas  (1938) 
concluded  that  a  concentration  of  75  acres  per  deer  approached  sat- 
uration, but  that  if  the  summer  and  winter  range  were  better  balanced, 
the  yearlong  requirement  could  be  lowered  to  50  acres.   Swift  (1946) 
reported  an  average  of  47  acres  per  deer  for  the  national  forest  lands 
of  Utah.   The  great  disparity  in  volume  of  seasonal  ranges  for  game 
was  pointed  out  as  far  back  as  1897  by  the  superintendent  of  Yellow- 
stone National  Park  as  reported  by  Olson  (1938).   Cahalane  (1943) 
further  described  this  inequality.   After  a  study  of  foods  available 
to  deer  and  those  eaten  by  deer.  Hill  (1946)  concluded  that  grazing 
capacity  calculations  should  give  little  if  any  weight  to  plants  of 
low  palatability  and  no  weight  to  the  unpalatable  ones.   Rasmussen 
(1939)  investigated  the  grazing  capacity  of  an  area  using  four  methods, 
one  involving  density  and  another,  weight.   The  capacity  estimated  by 
the  weight  method  was  more  than  twice  that  estimated  by  the  density 
method.   Mann  (1933)  listed  his  requirements  for  the  determination  of 
grazing  capacity;  Kidder  (1946)  proposed  a  determination  that  con- 
verts forage  production  to  pounds  of  total  digestible  nutrients.   The 
use  of  range  condition  classes  calculated  as  percentages  of  a  prede- 
termined condition  was  advanced  by  Humphrey  (1947).   The  approximate 
number  of  animals  grazing  the  range,  the  degree  of  use  of  the  key 
forage  species,  and  the  resistanoe  of  the  key  species  to  grazing  were 
combined  by  the  U.  S.  Forest  Service  (1945)  in  estimating  grazing 
capacity.    ,   -■ 

Utilization         '  <; 

The  rapid  and  accurate  determination  of  utilization  is  compli- 
cated by  a  multitude  of  factors  and  yet  it  is  probably  the  most 
important  single  thing  that  governs  proper  range  management. 

Hanson  (1929)  investigated  the  belief  that  grazing  was  more  in- 
tense near  a  fence  or  similar  obstruction  and  concluded  that  such  a 
belief  was  unfounded  on  small  range  pastures  of  100-200  acres.   Clip- 
ping techniques  were  reported  on  by  Cassady  (l94l).  Young  and  Payne 
(1948),  and  Johnson  (1941).   The  first  was  used  to  determine  forage 
use  by  sheep,  the  others  to  determine  utilization  standards  for 
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particular  species.   Cook,  at  al.  (1948),  using  a  modification  of 
Cassady's  clipping  technique,  found  sheep  to  be  highly  selective 
in  their  diet  when  forage  was  abundant,  and  much  less  so  when  for- 
age was  not  abundant.   The  study  of  browse  utilization  has  received 
considerable  attention  from  a  number  of  authors.   Forsling  and  Storm 
(1929)  reported  in  detail  how  to  study  browse  use  on  cattle  range  in 
Utah,  and  Nelson  (1930)  described  two  methods  of  mapping  shrubs. 
Julander  (1937),  Aldous  (1945),  the  Interstate  Deer  Herd  Committee 
(1947),  and  others  have  investigated  the  measurement  of  twigs  before 
and  after  grazing  as  an  indication  of  utilization.   Hormay  (1943  a 
and  b)  described  a  simple  method  of  estimating  grazing  use  of  bitter- 
brush  and  concluded  that  about  60  percent  was  proper  use.   Methods 
of  classifying  ranges  with  respect  to  degree  of  stocking  were  ad- 
vanced by  Aldous  (1944)  and  Hunter  (1945).   Humphrey  (1949)  discussed 
several  methods  of  making  utilization  surveys  and  proposed  one  in- 
volving range  condition  classes.   The  measurement  of  stubble  height 
as  a  means  of  determining  utilization  of  grass  was  discussed  in  some 
detail  by  Ganfield  (1941,  1944),  Reid  and  Pickford  (1941),  and  Clark 
(1945).   In  the  latter  two  pieces  of  literature,  and  in  a  third  by 
Pechanec  and  Pickford  (1937),  various  methods  of  determining  utiliza- 
tion are  compared  and  similar  conclusions  drawn  in  each,  i.e.,  that 
the  ocular-estimate-by-plot  method  as  developed  at  the  U.  S.  Sheep 
Experiment  Station  in  1933  deserves  much  consideration  over  the 
others.   Swift  (1941)  listed  some  criteria  for  determining  proper 
forage  utilization  on  big  game  winter  ranges.   McCain  (1948)  described 
the  use  of  pellet  group  counts  for  measuring  intensity  of  deer  use  on 
the  winter  range  of  the  Interstate  Deer  Herd,  California. 

Food  Habits 

Food  habits  of  big  game  herbivores  are  influenced  by  so  many 
factors  and  vary  so  widely  from  one  locality  to  another  that  find- 
ings of  particular  studies  may  have  local  application  only.   Although 
the  relative  part  played  by  forbs,  grass,  and  browse  in  the  yearlong 
diet  of  game  animals  may  be  constant,  categorical  \'alues  cannot  be 
given  because  of  variations  in  forage  present  and  season  of  use. 

The  literature  contains  many  references  pertaining  to  the  food 
habits  of  elk,  Pickford  (1943),  Gaffney  (1941),  Roberts  (1930),  Rush 
(1932),  Schwartz  and  Mitchell  (1945),  Shoemaker  (1930),  Smith  (1930), 
Young  and  Robinette  (1939),  De  Nio  (1938  a  and  b),  West  (l94l),  and 
others.   Most  of  these  authors  concur  in  the  belief  that  elk  are 
primarily  grazing  animals,  feeding  mainly  on  grasses  and  other  her- 
baceous plants  whenever  this  type  of  forage  is  available. 

A  very  intensive  food  habits  study  of  the  blacktail  deer  was 
made  by  Cowan  (1945)  in  which  ha  observed  that  they  avoided  the  seed 
heads  of  grasses  and  sedges  and  that  thorns  on  plants  have  a  real 
protection  value  against  deer  browsing.   Dixon  (1934)  pointed  out 
the  reluctance  of  mule  deer  to  take  seed  or  flower  heads  of  grasses, 
but  Robinson  (1937)  found  that  the  usual  mule  deer  habit  of  grazing 
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mature  grasses  is  to  take  the  heads  only.   Hill  and  Harris  (1943) 
do  not  agree  that  thorns  have  a  real  proteotive  value  against  deer 
browsing  and  they  cite  the  fact  that,  in  their  investigations  in 
the  Black  Hills,  rose  was  one  of  the  principal  food  plants  of  both 
whitetail  and  mule  deer.   Hahn  (1945)  reported  that  the  Texas  white- 
tail  preferred  grass  and  forbs  in  the  spring  and  that  oak  leaves  and 
acorns  made  up  the  bulk  of  stomach  material  e.ollected  throughout  the 
rest  of  the  year.   Murie  (1933)  and  Norris  (1943)  pointed  out  some 
of  the  dangers  involved  in  the  determination  of  food  habits  from 
stomach  analyses.      ■   .  ^^.. 

Some  of  the  more  detailed  studies  of  mule  deer  food  habits  have 
been  presented  by  Nichol  (1938),  Carhart  and  Goutts  (l94l),  Garhart 
(1944),  Dixon  (1928  and  1934),  Doman  and  Rasmussen  (1944),  Edwards 
(1942),  Rasmussen  (1941),  Doman  (1943  a  and  b),  and  Robinson  (1931 
and  1937).   These  authors  are  generally  a,greed  that  browse  makes  up 
the  principal  part  of  the  yearly  diet  and  that  grass  is  taken  in 
rather  large  amounts  at  certain  times,  mainly  in  the  spring.   How- 
ever, Rasmussen  (1941)  concluded  from  his  observations  on  the  Kaibab 
that  grass  constitutes  less  than  10  percent  of  th&  food  eaten  even 
when  preferred  foods  are  scarce.   Robinson  (1931)  noted  that  after 
grass  dries  it  does  not  appear  to  be  palatable  to  deer,  and  yet  the 
report  of  the  Interstate  Deer  Herd  Study,  Interstate  Deer  Herd  Com- 
mittee (1947)  indicated  that  almost  a  third  of  the  winter  diet  of 
deer  consisted  of  dry  grass. 

Couey  (1946)  found  that  the  autumn  diet  of  Montana  antelope 
consisted  mainly  of  browse,  with  sage,  snowberry,  and  snakeweed 
rating  high.   In  a  snow-trailing  investigation  in  Oklahoma,  Rouse 
(1941)  revealed  that  antelope  took  a  predominance  of  shrublike  per- 
ennials or  half -shrubs  in  December.   Buechner  (1947),  after  an  in- 
tensive study  of  antelope  in  west  Texas,  oon'Sluded  that,  throughout 
the  year,  forbs  made  up  more  of  the  total  consumption  than  browse 
and  grass  combined.   Ferrel  and  Leach  (1950),  on  the  basis  of  56 
stomach  samples  from  GalifornLa,  antelope,  reported  that  browse  and 
forbs  together  made  up  more  than  97  percent  of  the  total  early  and 
late  summer  diets  with  browse  dominant  by  a  wide  margin  in  early 
summer  and  forbs  dominant  by  a  slight  margin  in  late  summer.   Gommon 
sagebrush  appears  to  be  the  staple  food  during  the  time  of  year  in 
which  the  samples  were  taken. 

Boone  (1938)  investigated  means  of  improving  deer  food  supply 
by  transplanting  nursery-raised  shrubs  and  by  olear-outting  aspen 
stands  to  produce  sprouts.   In  both  cases,  the  cost  was  found  to  be 
prohibitive. 

Competition 

The  question  of  conflict  for  forage  between  big  game  and  live- 
stock is  one  which  has  been  discussed  with  a  great  deal  of  heat  and 
very  little  light.   Shantz  (1938)  presented  a  somewhat  general 
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treatment  of  the  subject  in  which  he  pointed  out  that  preferences 
of  livestock  and  deer  for  grasses  differ  and  that  deer  readily  take 
other  plants  which  cattle  do  not  care  for.   Johnson  (1944)  felt  that 
there  was  much  overlapping  in  the  feeding  habits  of  deer  and  sheep 
and  of  elk  and  cattle.   Schwan  (1945)  drew  similar  conclusions  and 
further  indicated  that  the  extent  of  deer-sheep  summer  conflict  was 
very  likely  great.   He  added  that  elk  normally  prefer  a  more  varied 
diet  than  cattle  and  stressed  the  need  for  more  accurate  information. 
A  very  thorough  investigation  of  the  Oregon-California  deer  herd  re- 
ported on  by  Fischer  et_  al. ,  (1944)  and  Interstate  Deer  Herd  Com- 
mittee (1947)  revealed  serious  competition  between  deer  and  cattle 
for  bitterbrush.   The  former  authors  also  reported  on  the  similarity 
of  deer  and  sheep  diets  in  the  spring,  but  minimised  competition  be- 
cause of  the  abundance  of  the  species  used  by  both.   Stoddart  and 
Rasmussen  (1945  a  and  b)  pointed  o.-t  that  local  competition  may  be 
very  serious,  but  that  the  general  situation  is  probably  overempha- 
sized.  They  presented  a  method  of  calculating  direct  competition  by 
making  use  of  the  differences  in  both  area  used  and  food  habits. 
The  conflict  between  sheep  and  elk  for  summer  range  forage  was  re- 
ported by  Pickford  (1943)  and  Pickford  and  Reid  (1943)  to  be  direct 
and  severe. 

Knipe  (1944)  concluded  that  the  similar  food  preferences  of 
sheep  and  antelope  produce  considerable  conflict,  but  that  this  is 
not  as  marked  with  cattle.   Buechner  (1947)  advanced  similar  conclu- 
sions and  offered  a  means  of  computing  competition  based  on  the  as- 
sumption that  both  animals  eat  the  same  speoioso 

Cliff  (1939)  pointed  ovit  that  the  winter  diets  of  deer  and  elk 
were  very  similar  and  that  seriovis  ."-oirp3tition  cjovdd  develop  between 
these  game  animals.   Mitchell  (1950)  indicated  tha,t  elk  and  deer  were 
strongly  competitive  and  that  one  eik  is  equivalent  to  four  deer  on 
the  basis  of  forage  intake  raqdiremont. 

Nutrition  and  ohemioal  analysis 

The  chemical  analysis  of  deer  foods  growing  on  different  sites 
was  reported  on  by  Einarssn  (1946)  who  found  that  plants  growing  in 
old  burns  or  logged  openings  had  bigh&r  protein  content  than  those 
found  in  the  closed  canopies  of  mature  timber.   He  also  oorif irmed 
the  summer  to  winter  decline  in  protein  content  of  forage  which  had 
been  pointed  out  by  Hormay  (l943a).  Hellmers  (1940)  found  a  general 
downward  trend  in  the  nutriti^'e  value  of  browse  from  winter  to  spring, 
Reynolds  and  Sampson  (1943)  investigated  the  composition  of  the  vig- 
orous, highly  palatable  sprout  growth  produced  by  cutting  or  burning 
chaparral  and  reported  a  water,  mineral,  and  crude  protein  content 
twice  as  great  as  found  in  the  older  growth.  Aldous  (1945),  work- 
ing with  bitterbrush,  found  a  higher  concentration  of  nutrients  in 
the  tip  ends  and  leaves  than  in  the  rest  of  the  stem.   De  Nio  (1938a) 
determined  that  the  nutritive  value  of  Douglas-fir  and  lodgepole  pine 
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compared  favorably  with  Idaho  fescue,  a  high  ranking  palatable  grass. 
Forbs  et  al.  (1941),  and  Maynard  et  al.  (1935),  have  performed  di- 
gestion experiments  on  whitetail  deer.   Few  native  forages  were 
included,  common  livestock  feeds  composing  the  bulk  of  the  feeds 
tested.   Atwood  (1948)  has  tested  the  forage  value  of  some  species 
important  in  the  diet  of  the  whitetail  deer  by  noting  the  weight 
changes  in  rats  and  suggests  this  method  as  a  possible  short-cut 
means  of  testing  deer  forages. 

Irruptions 

Most  of  the  States  where  deer  herds  are  present  have  experi- 
enced rapid  build-ups  in  deer  population  which  exceeded  the  available 
forage  supply.   The  outbreak  of  the  Kaibab  deer  herd  in  Arizona  is  an 
outstanding  early  example  of  such  an  irruption  and  might  have  served 
as  an  example  of  how  not  to  manage  a  deer  herd.   This  lesson  was  not 
heeded  and  one  by  one  the  States  learned  this  costly  lesson  by  ex- 
perience.  Leopold  e t  al . ,  (1947)  have  traced  the  growth  of  deer  herd 
irruptions  throughout  the  country.   They  have  likewise  discussed  the 
reasons  for  irruptions  and  the  necessary  requisites  for  proper  man- 
agement. 

Census 


The  more  palatable  plants  taken  by  big  game  must  be  checked 
closely  and  at  the  first  sign  of  overuse  the  numbers  of  animals  must 
be  stabilized.   The  only  effective  management  tool  to  accomplish  this 
is  the  annual  removal  of  the  surplus  males  and  females.   The  admin- 
istrator in  recommending  removals  needs  to  know  how  many  deer  he  has 
and  their  rate  of  increase  as  well  as  number  of  hunters  and  their 
expected  success. 

Numerous  census  methods  have  baen  employed  throughout  the 
country  with  varying  degreos  of  sicoess.   Rasmussen  and  Doman  (1943) 
have  given  a  very  fine  treatise  on  census  methods j  esp&cially  as  ap- 
plied to  mule  deer.   The  authors  oorclude  that  one  of  the  more  prom- 
ising is  the  winter  count  or  reconnaissance  method  which  is  used 
throughout  much  of  the  West.   It  is  employed  during  late  winter  when 
the  winter  snows  have  forced  the  deer  down  to  foothill  slopes  where 
there  is  only  a  limited  amount  of  cover.   Under  these  conditions  when 
the  deer  are  concentrated,  a  rather  effective  count  can  be  made  by  men 
on  horseback  or  afoot.   Only  a  partial  count  can  be  made  but  trend 
data  are  obtained  by  recording  numbers  seen  on  identical  areas  from 
year  to  year.   Trend  data  together  with  deer  removal  figures  give  the 
manager  some  valuable  dat-a  for  managing  his  herds.   Airplane  census- 
ing  of  deer  during  the  winter  months  has  been  rather  successful  in 
some  parts  of  th?  country,  especially  in  the  middle  west  where  a  hard- 
wood cover  and  level  terrain  prevail  (Morse,  1946;  Saugstad,  1942). 
In  Utah  the  airplane  census  has  been  rather  disappointing  although  in 
some  areas  with  a  small  amount  of  janiper=pinyon  pine  cover  encourag- 
ing results  have  been  obtained.   H;j.nter  (l945a),  feels  that  airplane 
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censusing  gives  reliable  tr^end  data  and  is  especially  feasible  for 
inaccessible  areas  which  are  difficult  to  reach  afoot  or  on  horse- 
back. 

The  strip  census  method  has  reportedly  been  successful  in 
determining  numbers  of  whits-tailed  deer  in  the  Central  States,  the 
South,  and  the  East,  (Ruff,  1939;  Erickson,  1940;  Krefting  and 
Fletcher,  1941;  Hahn,  1945;  and  others).   The  method  was  given  a 
thorough  trial  in  central  Utah  (Rasmussen  and  Doman,  1943)  and  the 
results  were  so  variable  as  to  render  the  method  valueless,  at  least 
for  conditions  encountered  in  Utah.   Deer  drives  on  measured  areas 
have  been  used  successfully,  especially  in  the  Lake  States  and  parts 
of  the  East  when  enough  manpower  was  available  (U.  S.  Forest  Service, 
1935;  Hosley,  1936;  Adams,  1938).   The  results  from  small  representa- 
tive areas  were  in  these  cases  applied  to  larger  areas.   The  method 
is  costly  and  impractical  in  mountainous  terrain„   In  addition  the 
distribution  of  deer  is  so  uneven  in  the  mo'intainous  deer  habitat  of 
Utah  that  results  from  small  areas  could  not  safely  be  applied  to 
large  areas. 

Returns  on  tagged  deer  kil.led  by  hunters  permit  a  calculation  of 
numbers  through  a  relationship  of  the  percentage  of  tagged  animals 
killed  to  the  total  kill.   Lincoln  (1930)  used  this  method  on  water- 
fowl, and  01s en  (1938)  and  Rasmussen  and  Doman  (1943)  have  used  it 
to  a  limited  extent  on  deer  herds.   There  are  several  objections  to 
the  method  as  applied  to  big  game  herds.   Data  on  natural  losses  of 
tagged  animals  are  usually  unavailable  and  complete  returns  on  tagged 
animals  killed  by  the  hunters  are  likewise  usually  unavailable.   It 
is  also  difficult  and  expensive  to  tag  the  large  numbers  of  animals 
which  would  be  necessary  under  this  method. 

Kelker  (1940,  1944,  1945)  has  developed  a  mimber  of  mathematical 
equations  for  determining  deer  herd  numbers.   The  principle  involved 
is  that  differential  kills  in  the  sex  and  age  classes  during  the  hunt 
results  in  changes  in  the  sex  ratio  and  age  class  ratios.   Field 
classifications  of  live  deer  mijst  be  ma.de  before  and  after  the  hunt- 
ing season  from  which  to  derive  the  necessary  ratios.   In  addition, 
sex  and  age  classifications  of  deer  killed  during  the  hunt  must  be 
obtained.   These  data  permit  calc  J  atioris  of  the  herd  populations. 
This  census  method  has  been  used  with  varied  success  in  Utah. 

Pellet  group  counts  (Bennett  a_t  al.  1940;  Rasm'issen  and  Doman, 
1943)  are  of  some  merit  in  censusing  deer.   Th«ir  data  show  the  rate 
of  pellet  group  defecation  to  be  about  12,5  groi  ps  per  deer  per  day 
for  mule  deer.   For  areas  where  the  deer  are  forced  onto  restricted 
as  well  as  rather  definitely  defined  ranges  as  dr'ring  the  winter, 
the  method  appears  to  be  feasible  as  well  as  accurate.   Another  ad- 
vantage of  this  method  is  that  animal  day's  ase  can  be  determined. 
On  much  of  the  western  range  there  is  a  rather  distinct  separation 
between  the  winter  and  summer  ranges  of  deer.   Thus,  pellet  groups 
can  be  counted  on  plots  on  the  winter  range  at  the  time  the  deer  are 
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leaving  in  the  spring  and  the  current  winter's  pellets  can  be  dis- 
tinguished from  those  of  the  previous  winter.   The  area  of  the 
winter  range  must  be  determined  and  the  period  of  time  spent  on  the 
area  by  the  herd.   With  the  above  information,  deer  numbers  can  be 
determined  for  an  area. 

Daily  track  coiints  across  migration  routes  of  deer  have  given 
some  very  good  results  (Wright  and  Swift,  1942).   The  Utah  State 
Fish  and  Game  Department  has  also  mada  effective  use  of  this  method. 
Rasmussen  and  Doman  (1943)  have  listed  forage  utilization  as  a  cen- 
sus method.   Weight  estimates  of  available  forage  must  be  determined 
on  the  winter  census  area  before  and  immediately  after  the  deer 
leave.   The  difference  in  the  two  weight  estimates  would  thus  be  cor- 
related with  the  period  the  deer  were  on  the  area  and  the  daily  con- 
sumption rate  of  the  average  deer.   Forage  intake  per  hundred  pounds 
liveweight  has  been  determined  from  feeding  experiments  of  deer  by  a 
number  of  workers  (Doman  and  Rasmussen,  1944 j  Niohol,  1938;  Davenport, 
1939;  and  others). 

Productivity 

If  the  manager  wishes  to  determine  the  net  increase  of  a  big 
game  herd,  he  needs  estimates  of  herd  number,  annual  removal  by 
hunters,  and  trend  data,  to  indicate  what  percent  increase  or  decrease 
has  occurred  from  year  to  yoar  with  known  hunter  removals.   Kelker 
(1945,  1947)  discusses  the  theoretical  and  mathematical  phases  of 
productivity  and  net  increase  in  big  game  herds.   Cheatum  and  Morton 
(1946)  have  done  some  cominendable  work  in  New  York  State  concerning 
regional  differences  in  the  productivity  of  whitetail  deer.   They 
found  a  marked  difference  in  the  pregnancy  rate  of  does  in  two  dif- 
ferent geographical  regions  of  the  State.   The  most  logical  explana- 
tion of  this  they  conceded  was  a  difference  in  nutritional  planes. 

Leopold  (1933)  has  developed  tables  showing  potential  increases 
for  big  game  species.   He  shows  the  niimbers  of  animals  which  will 
accrue  each  year  for  a  number  of  years  starting  with  one  animal  of 
each  sex  for  varying  rates  of  offspring  per   female  and  for  different 
ages  of  sexual  maturity  for  the  females.  Natural  herd  losses  would 
have  to  be  subtracted  from  the  pote-ntial  increase  as  given  in  the 
tables  in  order  to  obtain  the  net  increase.   Some  data  are  obtainable 
on  big  game  herd  increases  for  herds  that  have  originated  from  planted 
stock.   If  the  original  number  of  animals  in  the  plant  are  known  as 
well  as  the  end  number  after  a  certain  niomber  of  years,  prior  to 
legal  hunting  removals,  the  net  increase  can  be  determined  through 
use  of  the  compound  interest  formula.   Thus,  the  George  Preserve  herd 
of  160  resulted  from  an  original  plant  of  two  bucks  and  four  does  6 
years  previously  (Hiokie,  1937).   The  net  annual  rate  of  increase  was 
65  percent  by  assijming  an  even  sex   ratio  at  the  start.   From  this 
potential  high  the  net  increas'^'  may  vary  to  the  other  extreme  so  that 
there  may  actually  be  a  decrease  daring  the  course  of  a  year.  This 
is  particularly  true  on  overstocked  ranges  where  heavy  mortality  from 
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malnutrition  occurs.  Thus,  the  Kaihab  herd,  which  increased  at  an 
estimated  rate  of  19  percent  annually  until  the  peak  population  was 
reached  in  1924,  decreased  at  the  same  rate  for  the  next  fev/  years 
(Rasmussen,  1941).   Rasmussen  and  Doman  (1947)  estimate  that  mule 
deer  herds  in  Utah  can  normally  produce  an  annual  net  increase  of  25 
percent. 

Mortality  '    - 

In  order  to  better  interpret  the  reasons  for  varying  degrees 
of  net  increase,  studies  should  be  made  of  age  classes  in  big  game 
herds  as  well  as  mortality  from  various  factors.  Winter  mortality 
may  be  especially  severe  and  probably  is  greater  than  any  other 
seasonal  loss  except  possibly  early  fawn  loss  in  summer  and  hunting 
removal  in  the  fall.   Taylor  and  Hahn  (1947)  report  malnutrition 
losses  of  whitetail  deer  in  Texas  as  high  as  50-60  percent  of  the 
herd  in  1  year's  time.   Doman  and  Rasmussen  (1944)  found  a  herd  loss 
of  22   percent  occurring  during  the  winter  of  1942-4?  for  the  Logan- 
Green  Canyon  herd  in  Utah.   Obviously  such  losses  reduce  the  mombers 
of  harvestable  deer.  For  this  reason  the  manager  or  researcher 
should  have  means  of  accurately  estimating  winter  mortality.   Cliff 
(1939)  reported  about  a  50  percent  loss  of  a  deer  herd  during  the 
winter  of  1931-32  in  the  John  Day  region  of  Oregon.  Colorado  and 
Minnesota  have  estimated  that  losses  from  malnutrition  in  some 
years  for  certain  herds  have  greatly  exceeded  the  hunter  take  from 
the  same  herds. 

Crippling  losses  from  gunshot  wounds  also  reduce  the  numbers  of 
harvestable  deer.   Sanders  (1939)  and  DeBdr  (1947)  report  crippling 
losses  in  Wisconsin  as  great  as  45-=68  percent  of  the  legal  removal. 
■Oostley  (1948)  found  crippling  losses  of  72  percent  of  the  legal  kill 
^in  southern  Utah  on  an  area  open  only  to  buck  hunting  as  against  33 
percent  where  both  sexes  were  hunted o   Hunter  ( 1945b)  states  that  15 
percent  of  the  numbers  of  deer  and  oik  taken  legally  during  the  hunts 
are  left  dead  from  gunshot  wounds  on  the  range. 

Predators  exert  considerable  pressure  upon  big  game  herds  at 
times  and  their  exact  effect  is  diff i- .ilt  to  measure.   Horn  (1941), 
Young  and  Goldman  (1946),  Dixon  (1934),  and  others  have  accepted  the 
deer-a-week  rate  of  kill  for  the  mountain  lion.  Actual  trailing 
studies  of  individual  lions  in  the  winter  hav&  shown  a  much  higher 
rate  of  kill  than  this.   Sperry,  as  reported  by  Young  and  Goldman 
(1946),  Dixon  (1934),  Hibben  (1937),  and  others  have  found  deer  to 
be  predominating  item  in  the  cougar's  diet.  Because  of  their 
greater  numbers,  coyotes  possibly  kill  more  deer  than  mountain  lions. 
Horn  (1941)  found  that  coyote  control  in  California  resulted  in  a 
material  increase  in  fawn  deer  survival.   He  also  found  that,  con- 
trary to  the  belief  of  many,  royotes  were  taking  normal  healthy  deer 
rather  than  the  weak.   Murie  (1940)  concluded  from  Yellowstone  studies 
that  most  of  the  big  game  taken  by  the  coyote  was  in  the  form  of  car- 
rion or  weakened  animals.   There  appear  to  be  two  schools  of  thought 
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on  this  matter.   It  seems  possible  that  what  the  coyote  takes  may  in 
a  large  part  be  governed  by  what  is  available.   If  weakened  and  dead 
big  game  animals  are  available,  or  if  there  is  a  high  population  of 
rabbits  or  other  buffer  species,  depredations  upon  healthy  big  game 
animals  would  probably  be  reduced  to  a  minimum.   Bobeats  have  not  been 
considered  an  important  predator  of  mule  deer,  but  in  the  East,  Marston 
(1942)  and  Matson  (1948)  found  that  bobcats  were  not  only  capable  of 
killing  normal  healthy  deer  in  the  winter  time  but  were  taking  sub- 
s  tant  ial  numb  e  r s . 

Parasites  and  diseases 

The  researcher  and  administrator  should  know  something  of  the 
parasites  of  big  game  and  their  inflvienne  upon  the  well-being  of  big 
game  herds.   Herman  (1945),  Cowan  (1946),  Whitlock  (1939),  and  many, 
others  have  written  some  very  fine  papers  on  the  parasites  and  dis- 
eases of  deer.   In  general,  their  conclusions  have  been  that  para- 
sites are  only  of  seGondH,ry  importance  in  mortality  of  big  game 
animals.   Parasites  are  usually  more  prevalent  in  herds  which  have 
already  been  weakened  by  malnutrition.   Diseases  likewise  seem  to 
become  of  importance  in  herds  which  are  already  in  poor  physical  con- 
dition because  of  poor  range  conditions.   A  notable  exception  to  this 
was  the  outbreak  of  hoof -and -mouth  disease  among  deer  in  the  Modoc 
region  of  California  in  the  1920 's  v/hioh  had  been  contracted  by  deer 
from  infected  livestock,  Keane  (1926) «   In  controlling  the  outbreak 
it  was  necessary  to  poison  22,214  deer  on  an  area  of  1,000  square 
miles. 
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Figure  1.   Range  conditions  on  national  forests  of  Utah,  19li8. 
Over  half  of  national  forest  range  is  in  recognized  livestock 
problem  allotments.  Most  of  the  game  problem  range  is  over- 
grazed by  livestock  as  well  as  big  game. 
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Figure  3.   Deer  management  units,  seasonal  ranges  and  concentration 
areas  in  Utah.  The  concentration  or  problem  areas  are  mostly 
deer  winter  ranges  and  livestock  spring  and  fall  ranges.  Many 
of  the  concentration  areas  are  on  important  watersheds. 
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ERADICATION  OF  WYETHIA 

Walter  F.  Mueggler  and  Janies  P.  Blaisdell,  Range  Conservationists 


Wyethia  (Wyethia  amplexicaulis  and  W.  helianthoides)  is  a  rela- 
tively unpalatable  perennial  forb  that  has  lioerally  "taken  over" 
thousands  of  acres  of  highly  pi'oductive  mountain  meadows.  Since  this 
plant  is  such  an  aggressive  coisipetitor,  it  must  be  vi.rtihally  eliminated 
before  satisfactory  stands  of  desirable  forage  species  can  be  obtained. 

Studies  in  the  eradication  of  wyethia,  and  the  consequent  estab- 
lishment of  more  desirable  forage  species,  were  conducted  at  two  areas, 
Dry  Cree^  and  V/est  Camas  Creek,  on  the  Spencei-  Distilct  of  the  farghee 
National  Forest  in  eastern  Idaho. 

The  study  on  Dry  Creek  was  started  in  19^7  primarily  to  compare 
cultural  treatments  for  eradication  of  wyethia.   The  plots  were  re- 
seeded  immediately  after  cultivation.   Preliminary  chemical  eradica- 
tion treatments  were  made  in  I9I48. 

The  results  indicate  that  moldboard  plowing,  which  destroyed  about 
75  percent  of  the  wyethia,  is  an  effective,  though  expensive,  means  of 
eliminating  wyethia.   After  3  years,  successful  stands  of  reseeded 
grasses  on  moldboard -plowed  plots  were  producing  over  13  times  as  much 
herbage  as  the  grass  component  of  the  untreated  checks.  This  method  is 
limited  to  deep  soils  without  numerous  rock  outcrops  which  would  cause 
excessive  breakage  in  equipment.   Plowing  must  be  follov.;ed  with  reseed- 
ing  as  all  perennial  vegetation  is  destroyed,  Recause  of  its  liiaited 
applicability  and  high  cost,  moldboard  plowing  cannot  be  widely  used. 
The  other  cultural  methods  investigated,  disking  with  either  a  wheat- 
land  plow  or  offset  disk,  did  not  cause  an  appreciable  reduction  in 
wyethia. 

Of  the  chemicals  used  on  Dry  Creek  only  2,]|-D  appeared  promising. 
This  herbicide  reduced  wyethia  production  to  31  percent  of  that  on  the 
check  plots;  release  from  competition  enabled  the  native  grasses  to  in- 
crease to  326  percent  of  the  check  plots.  Creosote  and  diesel  oil,  am- 
monium sulfamate,  and  kerosene  were  not  effective  in  killing  wyethia. 


1/  A  complete  report  of  this  study  will  appear  in  the  May  1951  issue  of 
the  JOURNAL  OF  BAI^C-E  MANAGEMENT  under  the  tii,le,  "Replacing  Wyethia 
with  Desirable  Forage  Species," 


studies  with  hormone  weedkillers  were  made  on  West  C?)map  CreeV.  in 
the  spring  of  19U9.  Three  herbicides,  2,U-D  ethyl  oster,  2,[i,5-T  butoxy 
ethanol  ester,  and  a  mixture  of  two  parts  2,[|-D  and  one  part  2,!j,5-T  in 
butoxy  ethanol  ester  form,  were  used  on  duplicated  2~^cre  plots.  Each 
herbicide  wis  applied  in  water  solution  at  two  rates,  1  and  2  pounds 
acid  equivalent  per  acre,  during  two  growth  stages  of  w;yethia,  "half 
blocm"  and  "blooming  over."  One  replication  of  plots  v/as  seeded  to 
grass  in  the  fall  of  19ii9. 

Observations  made  1  year  after  treatment  show,  on  the  bar=is  of  un- 
treated check  plots,  that  all  the  herbicides  caused  -n  considerable 
reduction  in  wyethia.  This  reduction  varied  from  a  27  percent  decrease 
by  the  least  effective  treatment,  2,li,5-T  applied  at  1  pound  per  acre 
at  the  "blooming  over"  stage;  to  a  9^   percent  decrease  by  the  most  ef- 
fective treatments,  2,ii,-D  and  the  mixture  applied  at  2  pounds  per  acre 
at  the  "half  bloom"  stage.   Grass  production  increased  on  nearly  all 
treated  plots,  but  these  increases  came  from  recovery  of  native  grasses 
rather  than  from  growth  of  artificially  seeded  species.  The  mixture  and 
2|ii-D  were  comparable  in  degree  of  wyethia  killj  however,  because  of  its 
lower  cost,  2,i4.-D  was  considered  the  more  practical  hormone  weedkiller 
for  widespread  use.   2,l4,5-T  was  not  only  the  least  effective  hormone, 
but  also  the  most  expensive.  In  all  cases,  application  of  the  herbicide 
at  the  early  date,  "half  bloom"  growth  stage,  was  more  effective  than  at 
the  later  date.  A  chemical  concentration  of  2  pounds  acid  equivalent  per 
acre  always  proved  considerably  more  detrimental  to  wyethia  than  1  pouiid. 

This  study  indicates  that  2,ii-D  ethyl  ester  applied  at  2  pounds  acid 
equivalent  per  acre  between  "first  and  half  bloom"  is  a  comparatively 
economical  and  thorough  means  of  eradicating  wyethia.  Native  grasses 
were  not  greatly  injured  by  this  treatment  and  their  recovery  was  very 
rapid.  It  is  concluded,  therefore,  that  reseeding  is  necessary  only  on 
areas  that  lack  a  fairly  abundant  and  well-distributed  under story  of 
grasses. 
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INTRODUCTION 

The  mountain  lands  that  constitute  the  upper  drainage  basins  of 
the  Boise,  Payette,  and  Salmon  Rivers  in  south-central  Idaho  have  long 
presented  a  difficult  watershed  management  problem.   Much  of  the  highly 
erosible,  loose,  granitic  soil  3  characteristic  of  these  drainages,  has 
been  exposed  as  a  result  of  plant  cover  depletion,  chiefly  by  fire,  graz- 
ing; and  logging.   It  is  therefore  highly  vulnerable  to  displacement  by 
raindrop  impact  and  to  erosion  by  overland  flow,  particularly  during 
high  intensity  rains.   This  situation  has  led  to  abnormal  flood  dis- 
charges and  accelerated  sedimentation  in  water  storage  and  transmission 
facilities  upon  which  the  region  is  dependent  for  maintenance  of  its 
primary  economic  endeavor—irrigation  agriculture. 

Watershed  protection  within  the  Boise  River  drainage  basin  has 
been  under  investigation  intermittently  since  1925,   This  report  briefly 
reviews  the  findings  of  the  earlier  studies  in  this  area,  describes  the 
research  work  of  more  recent  years,  and  outlines  the  additional  phases 
of  research  that  are  needed. 


EARLY  STUDIES 

Extensive  inspections  in  1925-28  revealed  the  range  portion  of 
the  Boise  River  watershed  to  be  in  seriously  eroding  condition„   As  a 
followup  to  these  inspections,  a  more  detailed  range-erosion  survey 
was  made  over  a  large  portion  of  the  Boise  River  watershed  in  1929-30. 
In  his  report  of  this  survey,  RennerV  established  some  significant 
relationships. 

1.  Erosion  was  found  to  vary  directly  with  the  degree  to 
which  the  plant  cover  has  been  depleted  and  the  soil  surface 
disturbed.   Range  lands  comprised  the  areas  of  greatest  deple- 
tion and  were  examples  of  the  most  severe  erosion.   The  most 
serious  erosion  was  found  on  south-facing  aspects. 

2.  Erosion  was  found  tc  va.ry  direct]. y  with  the  steepness 
of  slope,  increasing  up  to  about  3o  percent  gradient.   On 
steeper  slopes,  other  factors  such  as  lighter  grazing  use  in- 
terfered with  evaluation  of  this  relationship. 


1/   Renner,  F.  G.   Conditions  influencing  erosion  on  the  Boise  water- 
shed.  U.  S„  Dept„  of  Agr.  Tech.  Bull.  528,  32  pp.,  illus.   1936. 


Subsequent  surveys^/  by  the  Forest  Service  showed  about  93  percent 
of  the  Boise  River  drainage  to  be  in  some  degree  of  plant  cover  deple- 
tion attended  by  accelerated  surface  runoff  and  erosion.   Approximately 
5  percent  of  the  drainage,  mainly  on  the  spring-fall  grassland  range  is 
seriously  depleted.   About  61  percent  in  grassland  range,  brushlands, 
and  cut-over  and  burned  forest  lands  is  moderately  to  severely  deteri- 
orated.  Some  27  percent,  mainly  forest  land,  shows  evidence  of  slight 
depletion.   The  remaining  7  percent,  mostly  in  the  protection  forest, 
has  not  been  damaged.   A  similar  condition,  in  greater  or  lesser  degree, 
exists  on  the  Payette  and  Salmon  River  drainage  basins. 

In  general,  the  lower  mountain  and  foothill  region  is  composed  of 
an  extensively  depleted  perennial  wheatgrass  (Agropyron  inerme)  range, 
This  range  has  been  largely  invaded  by  the  annual  cheatgrass  (Bromus 
tectorum)   and  is  the  major  contributor  of  sediment  to  stream  channels 
and  irrigation  structures. 

Love  and  Benedict^'  measured  sediment  loads  at  13  gaging  stations 
within  the  Boise  River  watershed.   All  of  the  gaged  drainages  had  a 
granitic  soil  mantle.   The  plant  cover  on  the  test  areas  varied  from 
timbered  forest  land  to  grassland  range.   The  condition  of  the  plant 
cover  included  virgin,  cut-over,  and  burned  forest  land  and  fairly 
good,  moderately  deteriorated,  and  severely  depleted  range  land. 
These  records  indicate  that  sediment  loads  are,  in  general,  less  from 
forested  areas  than  from  grassland  range.   They  also  indicate  that 
sediment  loads  are  greater  from  logged  and  burned  forest  land,  and 
greatest  from  depleted  range  land. 

Craddock  and  Pearse,z/  employing  an  infiltrometer  plot  technique, 
evaluated  the  relative  effects  of  precipitation  intensity,  slope, 
gradient,  soil  disturbance,  and  four  different  kinds  of  plant  cover 
on  surface  runoff  and  erosion  in  the  Boise  River  watershed.   They  con- 
cluded that  high-intensity  rainfall  was  potentially  highly  destructive 
on  steep  slopes  where  the  soil  surface  had  been  disturbed  and  espe- 
cially so  on  annual  cover  following  perennial  plant  cover  depletion. 
They  also  concluded  that  even  moderate  intensity  rainfall  could  be 
dangerous  except  under  extremely  good  plant  cover  conditions.   The 
specific  conditions  of  plant  cover  necessary  for  protection  were,  how- 
ever, not  determined. 


2j     U.  So  Department  of  Agriculture.   Survey  report  on  program  of  run- 
off and  waterflow  retardation  and  erosion  prevention  for  flood 
control  purposes.   Boise  River  drainage  basin,  Idaho.   37  pp.  1943. 

_3/   Love,  S.  K,,  and  Benedict,  P,  G.   Discharge  and  sediment  loads  in 
the  Boise  River  drainage  basin,  Idaho,  1939-1940.   U.  So  Depto  of 
the  Interior,  Geological  Survey  Report.   1940. 

4/  Craddock,  G.  W.,and  Pearse ,  C.  K.   Surface  runoff  and  erosion  on 
granitic  mountain  soils  of  Idaho  as  influenced  by  range  cover, 
soil  disturbance,  slope,  and  precipitation  intensity.   U.  S.  Dept. 
of  Agr,   Cir,  483,  24  pp.,  illus.   1938. 

-2- 


The  investigations  up  to  this  point  clearly  indicated  south- 
facing  aspects  of  depleted  spring-fall  range  to  be  the  most  serious 
sediment-source  areas.   The  studies  were  not  sufficiently  refined, 
however,  to  determine  the  particular  characteristics  of  these  range 
lands  that  are  responsible  for  accelerated  runoff  and  erosion,  nor  did 
they  develop  specific  requirements  in  terms  of  observable  site  char- 
acteristics for  minimizing  overland  flow  and  stabilizing  soil. 


■   '  ■    ■  ■       -1947  SITE  CHARACTERISTIC  STUDY 

In  1947  a  new  study  was  made  to  determine  which  of  several 
readily  observable  site  characteristics  of  the  wheatgrass  and  cheat- 
grass  range  types  were  related  to  summer  storm  runoff  and  erosion. 
The  site  characteristics  investigated  were: 

1.  Total  ground  cover  (basal  area  of  plants  plus  surface 
litter) .   Total  ground  cover  values  were  generally  75  to  100 
percent  greater  than  range  survey  plant  density  values. 

2.  Maximum  site  of  bare  soil  openings,   (Greatest  dia- 
meter of  openings  measured  from  edges  of  litter  patches  on  the 
ground. ) 

3o   Aerial  plant  cover  density,  the  area  of  the  plant  can- 
opy projected  on  the  ground, 

4.  Erosion  pavement. 

5.  Root  abundance. 

6o  Noncapillary  soil  pore  space. 

7.  Capillary  soil  pore  space. 

8.  Soil  depth. 

9.  Slope  gradient. 

The  study  was  made  in  the  200-acre  Woodtick  Creek  exclosure  which 
had  been  closed  to  grazing  for  17  years.   Because  of  this  protection 
from  grazing,  considerably  mere  litter  had  accumulated  around  the  base 
of  the  plants  and  beyond  the  projected  area  of  the  plant  canopy  than 
on  adjacent  grazed  range.   Within  the  study  area  14  wheatgrass  and  16 
cheatgrass  sites  were  subjected  to  1.8  inches  of  artificial  rainfall 
in  30  minutes  by  means  of  a  modified,  6- x  6 -foot,  type  F  inf iltrometer . 

This  study£/  yielded  the  following  significant  findings: 


_5/  Packer,  P.  E.   An  approach  to  watershed  protection  requirements, 
Journal  of  Forestry,  49:639-644.   1951. 
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1.  Total  ground  cover  and  size  of  bare  soil  openings  were 
found  to  be  the  two  site  characteristics  which  dominantly  con- 
trol the  amount  of  storm  runoff  and  erosion  from  both  cover 
types.   Total  ground  cover  exercised  the  greatest  control  over 
runoff  whereas  the  size  of  bare  soil  openings  was  the  most  ef- 
fective single  characteristic  influencing  erosion. 

2.  Runoff  and  erosion  on  both  range  sites  decreased  with 
an  increase  in  total  ground  cover  up  to  a  level  of  about  70  per- 
cent.  This  amount  of  ground  cover  occurred  on  sites  having  a 
plant  cover  density  of  from  35  to  45  percent .   Additional  amounts 
of  ground  cover  were  not  materially  effective  in  further  decreas- 
ing runoff  or  erosion. 

3.  The  characteristics  of  soil  depth,  erosion  pavement, 
and  root  abundance  were  each  closely  related  to  runoff  and  ero- 
sion, but  their  influence  in  controlling  these  losses  was  much 
less  than  the  influence  of  ground  cover  and  bare  soil  openings. 

4.  The  other  characteristics,  aerial  plant  density,  capil- 
lary soil  pore  space,  noncapillary  soil  pore  space,  and  slope 
gradient,  appeared  to  have  no  significant  relation  either  to 
runoff  or  erosiono 

The  absence  of  any  significant  influence  on  runoff  or  erosion  by 
aerial  plant  cover  is  probably  attributable  to  the  controlling  influ- 
ence of  the  litter  cover.   Litter  on  the  ground  appeared  to  provide 
about  as  effective  protection  on  the  test  plots  where  aerial  plant 
cover  had  been  removed  by  clipping  as  did  litter  and  aerial  plant 
cover  together  on  the  undipped  plots.   Plant  cover  which  occurs  over 
bare  soil,  such  as  is  commonly  found  on  ranges  where  persistent  heavy 
utilization  decreases  or  precludes  accumulation  of  litter,  may  exert 
more  protective  influence  than  was  found  in  these  tests  on  undisturbed 
range . 

Soil  pore  space  shov/ed  no  definite  relation  to  either  runoff  or 
erosion  probably  because  most  of  the  pore  space  in  the  sandy  granitic 
soil  was  greater  than  the  pore  space  values  that  have  a  restrictive 
effect  on  percolation.   It  is  possible  that  soil  pore  space  may  be  so 
reduced  by  the  compacting  effect  of  trampling  as  to  exert  a  restrictive 
effect  on  percolation  and  thus  become  a  more  significant  site  char- 
acteristic than  this  study  revealed  it  to  be.   It  is  believed,  how- 
ever, that  this  possibility  is  somewhat  problematical  on  the  steep 
slopes  where  trampling  tends  to  displace  the  loose  granitic  soil 
downhill  rather  than  to  compact  it. 

The  lack  of  any  significant  effects  on  runoff  or  erosion  by 
variations  in  slope  gradient  appears  to  be  due  to  the  limited  length 
of  the  test  plots.   Little  rilling  or  gullying  was  observed  on  the 
plots  during  the  tests  and  concentrations  of  runoff  into  small  chan- 
nels did  not  develop.   On  longer  slopes,  where  greater  opportunity 
exists  for  such  concentrations,  tests  will  very  probably  reveal  that 
slope  gradient  is  of  more  importance  than  indicated  in  this  study, 
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This  study,  though  based  on  a  limited  number  of  tests  on  undis- 
turbed range,  indicated  total  ground  cover  and  size  of  ba.re  soil 
openings  to  be  potentially  useful  criteria  of  watershed  conditions. 
Additional  tests,  however,  seemed  desirable  to  more  definitely  estab- 
lish the  specific  amounts  of  ground  cover  and  sizes  of  bare  soil  open- 
ings tha,t  are  required  to  minimize  overland  flow  and  soil  erosion. 


-  ■  -    STUDY  OF  GROUND  COVER  AND  BARE  SOIL  OPENING  EF.PECTS 

In  1948,  additional  inf iltrometer  tests  were  made  on  eight  wheat- 
grass  and  eight  cheatgrass  sites  within  the  WoodticJs;  Greek  study  area. 
These,  together  with  the  1947  tests,  provided  data  from  22  wheatgrass 
sites  and  24  cheatgrass  si'ies.   Ground  cover  on  the  wheatgrass  test  sites 
ranged  from  about  96  percent  to  about  10  percent  and  on  the  cheatgrass 
sites  from  about  94  percent  to  about  14  percent.   Bare  soil  openings 
varied  from  less  than  1  inch  to  as  much  as  38  inches  on  wheatgrass  sites 
and  from  less  than  1  inch  to  49  inches  on  the  cheatgrass  sites.   Storm 
runoff  ranged  from  zero  to  nearly  28  percent  on  the  wheatgrass  sites  and 
from  zero  to  nearly  42  percent  on  the  cheatgrass  sites »   Eroded  soil 
varied  from  zero  to  3,358  pounds  per  acre  ^dry  weight)  on  wheatgrass 
sites  and  from  1  to  3,620  pounds  per  acre  on  the  cheatgrass  sites  (table  l) 

The  data  were  subjected  to  multiple  curvilinear  regression  analyses. 
One  set  of  analyses  examined  the  relationship  between  ground  cover  and 
overland  flow  and  the  manner  in  which  this  relationship  is  affected  by 
the  size  of  bare  soil  openings.   The  other  set  of  analyses  provided  in- 
formation on  the  relationship  of  bare  soil  opening  size  to  erosion  and 
how  this  relationship  is  influenced  by  t'tal  ground  cover. 


Effects  on  Storm  Runoff 

The  curves  in  figure  1~A  illustrate  the  average  net  effect  of 
ground  cover  on  overland  flow.   These  curves  show  that,  with  a  ground 
cover  of  10  percent,  expected  amounts  of  overland  flow  are  about  21   per- 
cent from  the  wheatgrass  cover  and  45  percent  from  the  cheatgrass  cover. 
With  a  ground  cover  of  70  percent,  overla.nd  flow  from  the  wheatgrass  and 
cheatgrass  sites  is  about  11.5  percent  and  6.3  percent,  respectively. 
At  90  percent  ground  cover,  overland  flow  from  these  tw^.  respective  kinds 
of  plant  cover  is  about  11.3  percent  and  6.2  percent.   An  increase  in 
ground  cover  from  10  percent  to  70  percent,  therefore,  results  in  an 
appreciable  decrease  in  overland  flow  from  both  kinds  of  cover.   On  the 
other  hand,  a  further  increase  in  ground  cover  beyond  70  percent  is  not 
materially  effective  in  further  reducing  overland  flow.   Because  the 
average  amount  of  overland  flow  is  not  appreciably  reduced  by  ground 
cover  in  excess  of  70  percent,  a,  minimum  of  about  70  percent  ground  cover 
appears  to  be  required  for  control  of  storm  runoff. 

The  relationship  of  overland  flow  to  ground  cover  may  be  influenced, 
however,  by  the  size  of  bare  soil  openings  between  patches  of  litter  and 
plants.   The  curves  in  figure  1-B  show  that  the  ovei"land  flow  associated 
with  the  wheatgrass  ground  cover  may  be  increased  by  as  much  as  4,0 
percent  with  bare  soil  openings  of  40  inches  and  reduced  by  as 
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Table  1. --Runoff  and  erosion  from  ungrazed  wheatgrass  and  cheatgrass 
sites  at  different  conditions  of  total  ground  cover  and 
bare  soil  openings,  Woodtick  Creek  exclosure,  1947-48 


Wheatgrass 

Cheatgrass 

Total 

Bare 

Over- 

Soil 

Total 

Bare 

Over- 

Soil 

ground 

soil 

land 

ero- 

ground 

soil 

land 

ero- 

cover 

opening 

flow 

sion 

cover 

opening 

flow 

sion 

Percent 

Inches 

Percent 

Lbs. /A. 

Percent 

Inches 

Percent 

Lbs. /A. 

95.8 

0 

0 

0 

94.0 

0 

0 

1 

94.4 

2 

2.36 

104 

94.0 

0 

7.10 

55 

93.0 

0 

.50 

0 

91.7 

5 

5.40 

669 

90.0 

1 

3.00 

98 

86.2 

5 

3.91 

625 

80.5 

3 

9.25 

460 

86.2 

4 

4.49 

462 

80.0 

1 

3„60 

9 

80„5 

15 

8.13 

1,429 

76.0 

4 

7.40 

439 

72.0 

0 

1.50 

21 

61.0 

6 

7o50 

701 

70„0 

1 

2.00 

10 

50.0 

15 

13»90 

1,238 

64.0 

2 

4.60 

97 

47.2 

15 

10.76 

1,325 

52o0 

7 

10.00 

858 

33.0 

7 

9.60 

1,090 

33.  d' 

33 

19.40 

2,499 

31.2 

16 

18.11 

1,586 

32oQ 

7 

14.10 

1,066 

30.6 

10 

14.51 

1,476 

27,8 

31 

15.37 

2,410 

30.5 

12 

18.97 

1,520 

27ol 

10 

19.26 

1,349 

29.1 

2 

9„71 

540 

26.4 

4 

15.70 

955 

28.0 

5 

14„90 

905 

26o4 

6 

19.00 

1,171 

27.8 

38 

23.78 

2,564 

26.4 

23 

19.67 

1,926 

22,2 

6 

27.76 

1,332 

25.0 

9 

20.95 

1,369 

18.1 

25 

24„45 

2,103 

25.0 

12 

30.33 

1,720 

16.7 

4 

12.91 

970 

23„6 

7 

18.88 

1,388 

16.6 

14 

22.45 

1,983 

20.8 

19 

26.39 

1,939 

10.4 

38 

22,12 

3,358 

20.1 

24 

32.21 

2,148 

19.4 

29 

31.04 

2,555 

13.9 

49 

41.73 

3,620 
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Figure  1, — Average  net  overland  flow   (A)    as  related   to  ground   cover 
and    (B)    as   affected  by  bare   soil   opening. 
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much  as  11.3  percent  with  an  opening  of  zero.   Similarly,  the  influence 
on  overland  flow  associated  with  cheatgrass  ground  cover  ranges  from  in- 
creases of  as  much  as  2.3  percent  at  bare  openings  of  50  inches  to  re- 
ductions of  as  much  as  5,2  percent  at  openings  of  zero.   This  means  that 
larger  bare  soil  openings  decrease  the  effectiveness  of  ground  cover  in 
controlling  overland  flow  whereas  smaller  openings  increase  its  effec- 
tiveness.  It  appears,  therefore,  that  the  effectiveness  with  which 
ground  cover  controls  overland  flow  is  contingent  upon  the  extent  to 
which  the  size  of  bare  soil  openings  approaches  zero. 


Effects  on  Erosion 

The  average  net  effect  of  bare  soil  openings  on  soil  erosion  is 
shown  by  the  curves  in  figure  2-Ao   These  curves  reveal  that  at  a 
bare  soil  opening  of  40  inches,  soil  erosion  is  about  2,600  pounds 
per  acre  from  both  the  wheatgrass  and  cheatgrass  sites o   With  a  reduc- 
tion in  the  size  of  the  bare  soil  opening,  the  amount  of  soil  erosion 
is  also  reduced  until  with  an  opening  of  zero,  the  amount  of  soil  ero- 
sion is  about  200  pounds  per  acre  from  both  kinds  of  range.   The 
curves  show  that  the  greatest  rate  of  decrease  in  erosion  occurs  within 
the  bare  opening  range  from  10  inches  to  zero.   They  also  reveal  that 
there  is  no  range  of  bare  opening  values  over  which  the  amount  of  ero- 
sion is  not  materially  changed.   The  extent  to  which  bare  soil  openings 
approach  zero,  therefore,  appears  to  determine  just  how  effectively 
soil  erosion  can  be  controlled. 

The  amount  of  soil  erosion  associated  with  bare  soil  opening  may 
be  influenced,  however,  by  the  amount  of  ground  cover.   The  curves  in 
figure  2-B  show  that  the  amount  of  soil  erosion  associated  with  any 
size  of  bare  opening  is  increased  by  about  880  pounds  per  acre  in  the 
wheatgrass  cover  and  by  about  740  pounds  per  acre  in  the  cheatgrass 
cover  when  the  ground  cover  is  10  percent.   With  a  ground  cover  of  70 
percent  the  amount  of  erosion  is  reduced  by  as  much  as  260  pounds  per 
acre  on  wheatgrass  sites  and  190  pounds  per  acre  on  cheatgrass  sites. 
At  90  percent  ground  cover,  reductions  in  erosion  are  only  slightly 
greater  than  at  70  percent,  being  about  270  pounds  per  acre  in  wheat- 
grass  and  about  200  pounds  per  acre  in  cheatgrass.   Thus,  the  amount 
of  erosion  associated  with  bare  soil  opening  is  not  further  reduced 
materially  in  either  kind  of  cover  by  ground  cover  in  excess  of  70  per- 
cent.  One  of  the  requisites  for  control  of  erosion,  therefore,  appears 
to  be  a  minimum  ground  cover  of  about  70  percent. 


PROTECTION  REQUIREMENTS  FOR  UNDISTURBED  RANGE 

The  relationships  shown  by  the  regression  curves  in  figures  1  and 
2  are  in  terms  of  average  net  values  of  each  of  the  controlling  char- 
acteristics of  ground  cover  density  and  bare  soil  opening.   These 
average  net  relationships  do  not  provide  sufficient  information  to  be 
of  use  for  management  purposes,  however,  for  they  reveal  nothing  con- 
cerning the  manner  in  which  the  values  of  these  two  characteristics 
actually  occur  in  combination  on  the  wheatgrass  and  cheatgrass  lands. 
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Figure  2. — Average  net  soil  erosion  (A)  as  related  to  bare  soil 
opening  and  (B)  as  affected  by  ground  cover. 


Occurrence  of  Ground  Cover  and  Bare  Soil  Opening 

Measurements  of  ground  cover  and  bare  soil  opening  were  obtained 
in  1948  on  200  wheatgrass  and  200  cheatgrass  sites  within  the  original 
study  area.   Within  each  kind  of  plant  cover  the  plots  were  located  by- 
stratifying  them  into  ground  cover  classes  of  30  to  40  percent,  50  to 
60  percent,  70  to  80  percent,  and  90  to  100  percent  and  then  systemati- 
cally locating  50  plots  in  each  class.   In  each  kind  of  cover  the  rela- 
tionship between  ground  cover  and  bare  soil  opening  was  determined  by 
developing  frequency-distribution  curves  showing  the  percentage  distri- 
bution by  sizes  of  bare  soil  openings  throughout  the  selected  ground 
cover  classes  (fig.  3) . 

These  curves  reveal  that,  in  both  kinds  of  cover,  the  maximum  size 
and  the  range  of  variation  in  size  of  bare  soil  openings  became  smaller 
as  the  amount  of  ground  cover  increased.   The  cheatgrass  cover  exhibited 
a  more  pronounced  tendency  toward  a  narrower  range  of  small-sized  open- 
ings than  did  wheatgrass  of  comparable  ground  cover.   This  was  appar- 
ently due  to  the  tendency  of  cheatgrass  to  grow  in  stands  having  a  more 
uniform  distribution  of  individual  plants--and  hence  patches  of  litter-- 
than  did  wheatgrass,  thereby  resulting  in  bare  soil  openings  which j 
though  perhaps  greater  in  number,  were  smaller  in  size  with  given 
amounts  of  ground  cover.   The  small  standard  errors  in  table  2  reflect 
the  close  dispersion  of  individual  observations  of  bare  opening  size 
about  the  frequency  distribution  curves,  indicating  that  these  curves 
may  be  employed  with  reliability  to  show  the  bare  opening  size--ground 
cover  relationships. 

Table  2. --Standard  error  in  size  of  bare  soil  openings  associated 
with  different  ground  cover  densities 

Ground  cover  Standard  error 


density  Wheatgrass  Cheatgrass 

Percent  Inches  Inches 

90  to  100  0.1  0.1 

70  to   80  .1  .1 

50  to   60  .3  .2 

30  to   40  .7  .4 


The  ground  cover-bare  soil  opening  relationships  shown  by  the 
curves  in  figure  3  furnish  a  basis,  in  conjunction  with  figures  1  and 
2,  for  estimating  the  amounts  of  overland  flow  and  erosion  that  may  be 
expected  to  occur  under  ground  cover  and  bare  opening  conditions  that 
actually  exist  together  on  ungrazed  range.   In  figure  3,  for  example, 
curve  number  1  for  wheatgrass  shows  that  a  bare  soil  opening  of  4  inches 
was  not  exceeded  where  the  prevailing  ground  cover  was  at  least  90 
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Figure  3. — ^Frequency  distribution  of  bare   soil  opening  sizes  with 
varying  ground  cover  on  wheatgrass  and  cheatgrass   sites. 
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percent.   These  respective  values,  when  applied  to  the  curves  for 
wheatgrass  in  figures  1-A  and  1-B,  reveal  that  the  amount  of  overland 
flow  from  a  ground  curve  of  90  percent  was  about  11,3  percent  but  that 
this  amount  was  subject  to  a  reduction  of  4.1  percent  under  the  influ- 
ence of  a  4-inch  bare  soil  opening.   Thus,  the  estimated  maximum  over- 
land flow  from  this  combination  of  ground  cover  and  bare  opening  was 
about  7.2  percent.   Extending  this  procedure  by  utilizing  the  ground 
cover-bare  opening  relationships  from  the  other  curves  in  figure  3, 
maximum  amounts  of  overland  flow  and  erosion  to  be  expected  from  wheat- 
grass  and  cheatgrass  cover  in  100  percent  of  cases  were  estimated 
(table  3)o 

Table  3. --Maximum  bare  soil  opening  and  maximum  amounts  of  overland 
flow  and  erosion  occurring  in  100  percent  of  cases  from 
wheatgrass  and  cheatgrass  sites  at  different  amounts  of 
ground  cover 


Minimum 

Wheatgrass 

^ 

Cheatgrass 

ground 
cover 

Bare 
soil 

Over- 
land 

Soil 
ero- 

Bare 
soil 

Over- 
land 

Soil 
ero- 

opening 

flow 

sion 

opening 

flow 

sion 

Percent 

Inches 

Percent 

Lbs. /A 

Inches 

Percent 

Lbs. /a 

90 

4 

7o2 

455 

2 

3.2 

261 

70 

4 

7.3 

460 

5 

5.4 

625 

50 

11 

13,1 

1,147 

8 

8.2 

965 

30 

25 

19.5 

2,072 

13 

17.8 

1,375 

Control  Requirements  on  Wheatgrass  Range 

The  values  in  table  3  reveal  that  the  same  4- inch  maximum  bare 
opening  was  encountered  in  wheatgrass  sites  of  90  percent  and  70  per- 
cent ground  cover.   The  maximum  amounts  of  overland  flow  and  of  erosion 
from  each  of  these  two  combinations  of  ground  cover  and  bare  opening 
are  also  revealed  to  have  been  very  nearly  the  same.   On  the  other  hand, 
with  ground  cover  of  less  than  70  percent  the  size  of  the  largest  bare 
openings  was  materially  greater,  being  11  inches  when  ground  cover  was 
as  low  as  50  percent.   Under  these  conditions  the  amount  of  overland 
flow  was  nearly  double  that  from  a  ground  cover  of  70  percent  and  the 
amount  of  soil  erosion  was  more  than  doubled.   Similarly,  still  greater 
amounts  occurred  from  ground  cover  as  low  as  30  percent,  in  which  the 
maximum  bare  openings  had  increased  in  size  to  25  inches.   When  all 
cases  were  considered,  therefore,  the  most  effective  overland  flow  and 
erosion  control  to  be  expected  from  the  ground  cover  and  bare  opening 
conditions  actually  encountered  on  the  wheatgrass  lands  appeared  to  be 
provided  about  equally  well  by  any  ground  cover  amount  in  excess  of  70 
percent  together  with  bare  soil  openings  of  4  inches  or  less.   It  may 
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be  concluded  J  therefore,  that  a  ground  cover  of  at  least  70  percent  and 
a  bare  opening  of  no  more  than  4  inches  constitute  essential  maximum  re- 
quirements for  effective  protection  of  undisturbed  wheatgrass  watershed 
lands  against  the  destructive  effects  of  high  intensity  summer  rain- 
storms. 


Control  Requirements  on  Gheatgrass  Pange 

Referring  again  to  table  3  the  requirements  f:-r  effective  control 
of  overland  flow  and  erosion  in  chea,tgra,ss  range  appeared  to  result 
from  ground  cover  of  90  percent  or  more  in  combination  with  bare  soil 
openings  of  no  more  than  2  inches o   With  lesser  amounts  of  ground  cover 
the  size  of  bare  openings  was  appreciably  greater,  being  5  inches  at  a 
ground  cover  of  70  percent.   These  conditions  permitted  an  amount  of 
overland  flow  nearly  double  that  from  a  ground  cover  of  90  percent  and 
an  amount  of  soil  erosion  that  was  more  than  doublea,.   Still  larger 
amounts  occurred  from  lesser  amounts  of  ground  cover  in  which  the  size 
of  maximum  bare  openings  was  substantially  greater.   There  was  no 
range  comparable  to  that  on  wheatgrass  lands  over  which  combinations 
of  cheatgrass  ground  cover  and  bare  soil  opening  may  be  varied  with- 
out altering  their  effectiveness  for  controlling  overland  flow  and 
erosiono   The  requirements  for  effective  protection  of  undisturbed 
cheatgrass  watersheds,  therefore j  appear  to  be  a  ground  cover  of  at 
least  90  percent  and  a  bare  soil  opening  of  not  mo^e  than  2  inches. 

Curve  number  2  for  cheatgrass  in  figure  3  shows,  however,  that  a 
maximum  bare  soil  opening  of  2  inches  wa.s  encountered  in  94  percent  of 
cases  where  ground  cover  was  as  low  as  70  percent.   The  maximum 
amounts  of  overland  flow  and  erosion  under  these  conditions  were  esti- 
mated from  figures  1  a,nd  2  to  be  3<,3  percent  and  263  pounds  per  acre, 
respectively.   These  amounts  were  very  nearly  equal  tr  the  values  of 
3.2  percent  overland  flow  and  261  pounds  per  acre  of  eroded  material 
which  occurred  from  a  combination  of  90  percent  density  and  2-inch 
bare  opening  (table  3j .   Accordingly,  in  94  percent  of  cases  encountered, 
about  equally  effective  control  appeared  to  be  provided  by  any  com- 
bination of  ground  cover  as  low  as  70  percent  wi  +  h  Da.re  soil  opening 
of  2  inches.   In  the  remaining  6  percent  of  oases,  a  ground  cover  of 
no  less  than  90  percent  was  necessary  for  an  equal  degree  of  control. 
It  may  be  concluded,  therefore,  that  in  by  far  the  majority  of  cases 
a  ground  cover  of  at  least  70  percent  and  a  bare  soil  opening  of  no 
more  than  2  inches  comprise  the  necessary  minimum  requirements  for  ef- 
fective protection  of  undisturbed  cheatgrass  watersheds  on  granitic 
soils. 

EFFECT  OF  HEAVY'  TRAMPLING  DISTURB, ANCE 

An  exploratory  investigation  was  begun  in  1948  to  determine 
whether  the  control  requirements  previously  developed  for  undisturbed 
range  were  equally  effective  in  providing  satisfactory  protection  in 
the  presence  of  current  heavy  trampling  disturbance.   Of  necessity, 
this  initial  investigation  was  limited  to  a  small  number  of  tests  con- 
sisting of  one  infiltrometer  plot  on  each  of  eight  wheatgrass  and  seven 
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cheatgrass  sites.   Within  the  sampling  limitations  imposed  by  this 
small  number  of  tests,  an  attempt  was  made  to  locate  the  plots  so  as 
to  include  a  variety  of  ground  cover  and  bare  soil  opening  values  from 
well  above  to  appreciably  below  the  minimum  protection  requirements 
developed  for  undisturbed  conditions » 

On  the  basis  of  surface  disturbance  observed  on  heavily  grazed 
portions  of  the  range,  it  was  estimated  that  heavy  trampling  may 
reasonably  be  expected  to  disturb  about  60  percent  of  the  area  in  some 
degree.   Accordingly,  prior  to  the  tests,  all  plots  were  subjected  to  a 
single  disturbance  treatment  in  which  60  percent  of  the  ground  surface 
was  uniformly  trampled  by  impact  of  an  iron  "hoof," 

Ground  cover  and  bare  soil  opening  measurements  were  made  on  the 
plots  before  and  after  the  trampling  treatments  After  trampling,  the 
plots  were  subjected  to  1.8  inches  of  rainfall  in  30  minutes  with  the 
infiltrometer  as  in  previous  tests. 

Trampling  disturbance  decreased  the  total  ground  cover  and  in- 
creased the  size  of  bare  soil  openings  on  both  range  types  in  all  but 
one  case.   On  one  of  the  cheatgrass  plots,  trampling  increased  the 
ground  cover  from  55  to  58  percent »   This  slight  increase  may  have  been 
due  to  estimation  error  or  to  the  redistribution  of  plant  and  litter 
material.   In  this  instance,  however,  the  size  of  the  largest  bare  soil 
opening  was  increased  from  3  to  10  inches  (table  4).   Precisely  how 
these  changes  were  effected  is  not  fully  known.   It  was  observed  on  the 
plots  and  on  grazed  range,  however,  that  the  impact  of  hoofs  tended  to 
push  both  soil  and  litter  down  hill.   This  tended  to  pile  up  the  litter, 
thus  increasing  the  size  of  already  existing  bare  soil  openings  or 
creating  new  openings. 

The  measured  amounts  of  runoff  and  erosion  obtained  from  the 
trampled  plots  are  also  shown  in  table  4  together  with  estimated 
amounts  derived  from  the  curves  shown  in  figures  1  and  2,  the  latter 
being  based  upon  previous  measurements  on  undisturbed  plots.   These 
data  provided  a  basis  for  comparing  runoff  and  erosion  from  disturbed 
and  undisturbed  sites  having  the  same  ground  cover  and  bare  soil  open- 
ings; also  for  comparing  estimated  amounts  of  runoff  and  erosion  from 
undisturbed  sites  with  measured  amounts  from  disturbed  sites  having 
ground  cover  and  bare  soil  openings  prior  to  trampling  similar  to  the 
undisturbed  sites. 

Runoff  and  erosion  from  the  trampled  plots  did  not  differ  signifi- 
cantly from  the  estimated  amounts  from  undisturbed  plots  having  ground 
cover  conditions  comparable  to  those  on  the  trampled  plots  after  dis- 
turbance.  This  indicates  that  regardless  of  trampling  disturbance  the 
runoff  and  erosion  behavior  of  the  granitic  soil  on  these  range  types 
is  primarily  controlled  by  the  amount  of  ground  cover  and  the  size  of 
bare  soil  openings. 

The  observed  amounts  of  runoff  and  erosion  from  the  trampled 
plots  were  significantly  greater  than  the  estimated  amounts  from  un- 
disturbed sites  having  ground  cover  conditions  comparable  to  those 
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on  the  trampled  plots  before  disturbance.   On  the  average,  60  percent 
trampling  disturbance  stepped  up  runoff  about  50  percent  on  wheatgrass 
sites  and  110  percent  on  cheatgrass  sites.   This  level  of  trampling 
also  increased  erosion  50  percent  on  wheatgrass  sites  and  72   percent 
on  cheatgrass  sites.   These  increases  appear  to  result  from  decreases 
in  ground  cover  and  increases  in  the  size  of  bare  soil  openings  caused 
by  trampling. 

For  each  range  type,  regressions  were  developed  between  the 
measured  amounts  of  runoff  and  erosion  from  the  trampled  plots  and  the 
estimated  amounts  from  undisturbed  sites  having  ground  cover  condi- 
tions comparable  to  those  on  the  trampled  plots  prior  to  their  dis- 
turbance.  These  regressions  provided  a  basis  for  determining  the 
ground  cover  conditions  that  are  necessary,  under  the  impact  of  60  per- 
cent disturbance,  to  insure  the  same  degree  of  runoff  and  erosion  con- 
trol as  is  provided  by  the  minimum  requirements  for  effective  control 
on  undisturbed  range. 


Control  Requirements  on  Heavily  Trampled  Wheatgrass  Range 

It  should  be  recalled  that  the  minimum  protection  requirements 
for  undisturbed  wheatgrass  range  included  a  ground  cover  of  at  least 
70  percent  and  a  bare  soil  opening  of  no  more  than  4  inches.   The 
amounts  of  overland  flow  and  of  erosion  to  be  expected  under  these 
conditions  have  been  shown  in  table  3  to  be  7,3  percent  and  460 
pounds  per  acre,  respectively.   The  regression  lines  in  figure  4  show 
that  if  the  observed  overland  flow  and  erosion  from  heavily  trampled 
sites  was  not  to  exceed  the  above  minimum  amounts,  then  the  estimated 
amounts  to  be  expected  from  these  sites  had  they  not  been  trampled 
would  on  the  average  not  have  exceeded  approximately  4.0  percent  over- 
land flow  or  160  pounds  per  acre  of  soil  erosion. 

The  combination  of  lowest  ground  cover  and  greatest  bare  soil 
opening  that  could  be  expected  to  hold  runoff  to  less  than  4.0  percent 
and  erosion  to  less  than  160  pounds  per  acre  on  undisturbed  sites  was 
determined  from  the  curves  in  figures  1,  2,  and  3.   The  curve  for 
wheatgrass  in  figure  1-A  shows  that  for  any  ground  cover  in  excess  of 
70  percent,  the  overland  flow  was  approximately  11.3  percent;  for  les- 
ser amounts  of  ground  cover  it  was  somewhat  greater.   Figure  1-B  shows 
that  to  reduce  this  amount  to  4.0  percent,  or  in  other  words  by  7.3 
percent,  requires  a  bare  soil  opening  of  about  2  inches.   Similarly, 
figures  2-A  and  2~-B  show  that  for  any  ground  cover  in  excess  of  70 
percent,  a  bare  opening  of  no  more  than  2   inches  is  necessary  to  in- 
sure that  soil  erosion  would  not  exceed  160  pounds  per  acre.   In  fig- 
ure 3,  curve  number  2  for  whatgrass  shows  that  a  ground  cover  as  low 
as  70  percent  and  a  bare  opening  of  no  more  than  2  inches  could  actu- 
ally be  expected  together  in  only  88  percent  of  cases.   On  the  other 
hand,  curve  number  1  shov/s  that  these  same  openings  of  2  inches  or  less 
could  be  expected  to  occur  with  ground  cover  of  no  less  than  90  percent 
in  about  96  percent  of  cases.   It  appears,  therefore,  that  in  the  vast 
majority  of  cases,  protection  of  heavily  trampled  wheatgrass  range, 
equivalent  to  that  furnished  by  the  control  requirements  for  undisturbed 
range ,  requires  ground  cover  of  at  least  90  percent  together  with  bare 
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soil  openings  of  no  more  than  2  inches.   These  requirements  are  some- 
what more  stringent  than  those  found  to  be  necessary  on  undisturbed 
wheatgrass  range. 

Control  Requirements  on  Heavily  Trampled  Cheatgrass  Range 

The  minimum  protection  requirements  for  undisturbed  cheatgrass 
range  have  been  shown  to  include  a  ground  cover  of  at  least  70  per- 
cent and  a  bare  soil  opening  of  no  more  than  2  inches.   The  amounts 
of  overland  flow  and  of  erosion  to  be  expected  under  these  conditions 
have  also  been  shown  to  be  3.3  percent  and  263  pounds  per  acre, 
respectively.   Figure  5  shows  that  in  order  for  these  amounts  not  to 
be  exceeded  on  heavily  trampled  sites,  the  estimated  amounts  from 
these  same  sites  prior  to  trampling  would  probably  not  have  exceeded 
about  2.0  percent  overland  flow  or  140  pounds  per  acre  of  soil  ero- 
sion. 

By  utilizing  the  curves  for  cheatgrass  in  figures  1  and  2  in  the 
same  manner  as  was  done  for  wheatgrass  it  was  found  that  a  ground  cover 
in  excess  of  70  percent  together  with  a  bare  soil  opening  of  no  more 
than  1  inch  was  necessary  to  insure  that  runoff  would  not  exceed  2,.0 
percent  and  soil  erosion  would  not  be  more  than  140  pounds  per  acre. 
Curve  number  2  for  cheatgrass  in  figure  3  shows  that  a  ground  cover 
as  low  as  70  percent  and  a  bare  opening  of  1  inch  or  less  could  actu- 
ally be  expected  together  in  only  about  70  percent  of  cases.,   Ob- 
viously then,  in  nearly  a  third  of  cases,  these  conditions  would  not 
provide  the  desired  control.   Curve  number  1  in  figure  3  shows,  how- 
ever, that  a  combination  of  90  percent  ground  cover  and  1  inch  of  bare 
opening  could  be  expected  to  occur  in  about  96  percent  of  cases.  When 
the  preponderance  of  cases  is  considered,  therefore,  a  ground  cover  of 
at  least  90  percent  and  a  bare  soil  opening  of  no  more  than  1  inch  ap- 
pear to  be  necessary  requirements  on  heavily  trampled  cheatgrass  range 
to  insure  protection  equivalent  to  that  provided  by  the  minimum  control 
requirements  on  undisturbed  range. 

Achievement  of  90  percent  cover  and  bare  openings  of  1  or  even  2 
inches  is  probably  impossible  on  all  but  a  small  portion  of  the  wheat- 
grass-cheatgrass  range  due  to  inherently  poor  conditions  for  plant 
growth.   Consequently,  it  appears  highly  improbable  that  effective 
watershed  protection  can  be  obtained  on  any  practical  scale  under  dis- 
turbance as  intensive  as  60  percent.   Livestock  grazing  use  of  this 
spring-fall  range  will,  therefore,  have  to  be  based  on  some  lesser 
degree  of  disturbance,  if  any. 


REMAINING  RESEARCH  PROBLEMS 

Watershed  research  in  southwest  Idaho  thus  far  has  focused  atten- 
tion on  developing  protection  requirements  for  south-facing  aspects  of 
the  wheatgrass  and  cheatgrass  range  having  steep  slopes  and  a  coarse 
granitic  soil.   An  infiltrometer  approach  has  been  employed  rather  than 
the  more  costly  and  time-consuming  method  of  using  entire  watersheds. 
It  is  recognized  that  infiltrometer  data  do  not  give  direct  answers  to 
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Figure   5. — Relation  of   estimated   amounts   of  overland  flow  and  soil 
erosion  from  untrampled   cheatgrass   sites  to   observed  amounts 
occurring  from  comparable   sites  after  heavy  trampling. 


the  amounts  of  runoff  or  sediment  to  be  expected  from  an  entire  drain- 
age basin.   Small  plot  tests,  however,  do  provide  information  on  the 
runoff  and  erosion  behavior  of  local  sites.   When  protection  require- 
ments for  the  most  vulnerable  sites  are  understood  and  met,  it  seems 
reasonable  to  expect  that  the  less  critical  sites  will  also  be  taken 
care  of. 

Studies  thus  far  have  shown  rather  conclusively  that  total  ground 
cover  and  size  of  bare  soil  openings  are  reliable  criteria  for  judging 
we,tershed  conditions  on  the  wheatgrass  and  cheatgrass  portions  of  the 
spring- fall  range.   They  have  also  established  that  a  ground  cover  of 
70  percent--generally  attained  by  a  plant  density  of  35  to  45  percent-- 
and  a  bare  soil  opening  of  no  more  than  4  inches  on  wheatgrass  areas 
and  of  no  more  than  2  inches  on  cheatgrass  areas  is  required  for  min- 
imizing runoff  and  erosion  during  moderately  high  rainfall  rates  on 
undisturbed  range.   They  have  also  indicated  that  heavy  trampling  dis- 
turbance so  increases  runoff  and  erosion  as  to  make  such  disturbance 
incompatible  with  practicable  watershed  protection. 

Several  questions  remain  to  be  answered  regarding  the  watershed 
protection  problem  on  the  granitic  soils  of  southwestern  Idaho.   On 
the  wheatgrass  and  cheatgrass  range,  the  question  remains  as  to  whether 
some  lighter  degree  of  trampling  disturbance  may  be  consistent  with  the 
maintenance  of  ground  cover  conditions  that  are  both  practicable  of  at- 
tainment and  effective  for  watershed  protection  purposes.   It  is  pro- 
posed to  answer  this  question  in  two  steps:   (l)  by  an  infiltrometer 
study  of  the  effects  of  several  degrees  of  mechanical  trampling  dis- 
turbance on  runoff  and  erosion,  and  (2)  by  an  observational  study  of 
the  effects  of  different  degrees  of  cattle  and  sheep  grazing  disturb- 
ance on  ground  cover  and  bare  soil  openings.   There  is  need  for  ex- 
tending similar  infiltrometer  and  grazing  disturbance  studies  to  other 
range  types  in  southwestern  Idaho,  including  the  subalpine  grass-weed, 
the  sagebrush-grass,  and  the  mountain  brush-grass  range.   There  is 
also  need  for  evaluating  the  effects  of  range  improvement  measures  on 
runoff  and  sediment  production  from  entire  watersheds. 

The  watershed  protection  problem  on  forest  land  has  thus  far 
received  but  little  attention.  Much  more  effort  on  this  problem  is 
needed,  especially  for  developing  guides  for  tolerable  limits  of 
soil  disturbance  during  logging  in  ponderosa  pine  stands. 


-20- 


RESEARCH    PAPER    NO.  29 
DECEMBER    1952 


D 


/^^ 


\^ 


r^ 


inTERnounTflin 

FOREST  &  RflRGE  " 
EXPERIOlEni  STflTIOn 

1912  THROUGH  1952 


NTERMOUNTAIN     FOREST    AND    RANGE     EXPERIMENT    STATION 

FOREST        SERVICE 

U.      S.       DEPARTMENT     OF    AGRICULTURE 
OG  D  E  N,   U  TAH 


PUBLICATIONS  OF  THE  INTERMOUNTAIN 
FOREST  AND  RiiNGE  EXPERIMENT  STATION 

1912  Through  1952 

Compiled  by 
Marguei-^ite  A.  Israelson 


INTERMOUWTAIN  FOREST  AND  RANGE  EXPERIMENT  STATION 
FOREST  SERVICE 
U.  S.  DEPARTMENT  OF  AGRICULTURE 

Ogden,  Utah 


This  list  of  publications  of  the  Intermountain  Forest  and 
Range  Experiment  Station  includes  the  most  significant  reports 
issued  betvv'een  1912  and  1952.   Publications  have  been  grouped 
under  the  following  general  headings: 


Forest  Management  and 

Silviculture.  .-  .,,„.,.  1 

Watershod  Management.  ...  6 

Range  Management.  .  , 16 


Wildlife  Management.  .  37 

Range  Economics 39 

Miscellaneous 1^2 


lilntries  within  each  of  these  subjects  are  under  the  authors'  names, 
which  are  in  alphabetical  order.   The  writings  of  each  author  are 
in  chronological  order  with  the  most  recent  article  last. 

Publications  marked  with  an  asterisk  (*)  are  not  available 
for  distribution.   A  variable  supply,  usually  limited  in  number, 
of  those  not  marked  is  available  for  distribution  upon  request. 
Journals  and  magazines  cited  may  be  consulted  at  most  public  and 
university  libraries.   Other  publications  such  as  Station  Research 
Notes  and  Papers  are  on  file  and  may  be  consulted  at  U.  S.  Depart- 
ment of  Agriculture  branch  libraries  (San  Francisco,  Albuquerque, 
and  Missoula),  agricultural  college  libraries,  many  other  research 
libraries  throughout  the  country,  and  at  Forest  Service  experiment 
stations , 


I.   FOREST  MANAGEMENT  AND  SILVICULTURE 

BAKER.  F.  S. 

*1918,    Aspen  as  a  temporary  forest  type.   Jour.  Forestry 
16(3) :294-303. 

*1918,    Aspen  reproduction  in  relation  to  management.   Jour. 
Forestry  16(4) :389-398. 

*1921.    Two  races  of  aspen.   Jour.  Forestry  19(4) :412-413 . 

*1925.    Aspen  in  the  central  Rocky  Mountain  region.   U.  S.  Dept. 
Agr.  Bui.  1291,  47  pp.,  illus. 

*1925.    Character  of  the  soil  in  relation  to  the  reproduction  of 
western  yellow  pine.   Jour.  Forestry  23(7-8) :630-634. 

BAKER.  F.  S.,  and  C.  F.  KORSTIAN 

*1931.    Suitability  of  brush  lands  in  the  Intermountain  region 
for  the  growth  of  natural  or  planted  western  yellow 
pine  forest.   U.  S.  Dept.  Agr.  Bui.  256,  83  pp.,  illus. 

BAKER.  F.  S.,  C.  F.  KORSTIAN,  and  M.  J.  FETHERQLF 

*1921.    Snowshoe  rabbits  and  conifers  in  the  Wasatch  Mountains 
of  Utah.   Ecology  2(4) :304-310 ,  illus. 

BAKER.  F.  S.,  and  S.  B.  LOCKE 

*1926 .    National  forests  of  the  Intermountain  district.   In  Ecol. 
Soc.  of  Amer.  Naturalist's  Guide  to  the  Americas. 
pp.  224-232. 

BAKER.  F.  S.,  and  OTHERS 

*1925.    What  the  national  forests  mean  to  the  Intermountain 

region.   U.  S.  Dept.  Agr.  Misc.  Cir.  47,  21  pp.,  illus. 
(revised  November  1930). 

CONNAUGHTON.  C.  A. 

*1933.    The  effect  of  forest  cover  on  snow  melt.   U.  S.  Forest 
Service,  Forest  Worker.   March. 

*1935.    Growth  in  virgin  ponderosa  pine  stands  of  central  Idaho. 
Jour.  Forestry  33(1)  :73-79. 

1935.    The  accumulation  and  rate  of  melting  of  snow  as  influ- 
enced by  vegetation.   Jour.  Forestry  33(6)  :554-569 . 


CONNAUGHTON,  G.  A.  (Cent.) 

*1935.    Forest  fires  and  accelerated  erosion.   Jour.  Forestry 
33(8)  :751-752,  illus. 

*1936.    Fire  damage  in  the  ponderosa  pine  type  in  Idaho.   Jour. 
Forestry  34(l) :46-51. 

*1936.   Forests  catch  less  snow  than  bare  ground  but  are  superior 
in  regulating  melting.   Amer.  Met.  Soc.  Bui.  17:48-49. 

CURTIS,  JAMES  D. 

1948.   Aspen:   The  utility  timber  crop  of  Utah.   Timberman 
49(8)  :56-57,  116. 

*1948.    Aspen's  place  in  the  sun.   Amer.  Forests  54:264-265,  288. 

1948.    Animals  that  eat  ponderosa  pine  seed.   Jour.  Wildlife 
Mangt.  12(3) :327-328. 

*1948.    Storehouse  of  beauty  and  utility--Utah' s  quaking  aspen. 
Utah  10(9)  :16-17,  29-30. 

*1950.    Two  useful  tools  in  forest  research  work.   Jour.  Forestry 
48(3)  :202. 

1950.    Suggestions  for  techniques  in  reforestation  in  the  Inter- 
mountain  region.   Research  Paper  No.  19,  3  pp.,  mimeo. 

1950.    Stocking  of  logged  ponderosa  pine  land  in  central  Idaho. 
Research  Paper  No.  23,  15  pp.,  illus,,  mimeo. 

1952,    Destruction  of  paper  tree  tags  by  squirrels.   Jour. 
Forestry  50(3)  :220-221. 

1952.    Response  to  release  of  ponderosa  pine  in  central  Idaho. 
Jour.  Forestry  50(8)  :608-610. 

1952.    Effect  of  pregermination  treatment  on  the  viability  of 
Ceanothus  seed.   Ecology  33(4) :577-578. 

ELLISON,  LINCOLN 

*1943.    A  natural  seedling  of  western  aspen.   Jour.  Forestry 
41(10)  :767-768,  illus. 

FENLEY,  JOHN  M. 


^1950.    Pollarding--age-old  practice  permits  grazing  in  Pays 

Basque  Forests.   Jour.  Range  Mangt.  3(4) :316-318,  illus 


■2- 


HINKLSY,  H.  S. 
•1935. 


The  limit  of  profitable  utilization  in  southern  Idaho 
ponderosa  pine.   U.  S,  Forest  Service,  Intermountain 
Forest  and  Range  Expt .  Sta.   (Typewritten) 


K0R5TIAN,  C.  F 
*1920. 


Effect  of  thinning  and  pruning  on  diameter  growth  of 
western  yellow  pine.   Jour.  Forestry  18(3) :304-305 . 


*1921.    Evaporation  and  soil  moisture  in  relation  to  forest 
planting.   Utah  Acad.  Sci.,  Arts  and  Letters  Proc. 
2:116-117. 

*1921.   Making  the  forests  of  Utah  a  permanent  resource.   Utah 
Acad.  Sci.,  Arts  and  Letters  Proc.  2:178-182. 

*1921.    Relation  of  precipitation  to  height  growth  of  forest 

tree  saplings.   Utah  Acad.  Sci.,  Arts  and  Letters  Proc. 
2:259-266. 

*1921.   Effect  of  a  late  spring  frost  upon  forest  vegetation  in 
the  Wasatch  Mountains  of  Utah.   Ecology  2(l)  : 47-52, 
illus. 

*1923.    Control  of  snow  molding  in  coniferous  nursery  stock.   Jour 
Agr.  Res.  24(9)  :741-748,  illus. 

*1924.    A  silvical  comparison  of  the  Pacific  Coast  and  Rocky 
Mountain  forms  of  western  yellow  pine.   Amer.  Jour. 
Bot.  11:318-324. 

*1924.    Density  of  cell  sap  in  relation  to  environmental  condi- 
tions in  the  Wasatch  Mountains  of  Utah.   Jour.  Agr. 
Res.  28(9) :845-907,  illus. 

*1924.    Growth  on  cut-over  and  virgin  western  yellow  pine  lands 
in  central  Idaho.   Jour.  Agr.  Res.  28(11) :1139-1148, 
illus . 

*1925.    Coincidence  between  the  ranges  of  western  yellow  pine, 
bark  beetles,  and  mistletoe.   Science  61:448. 

KORSTIAN,  C.  F.,  and  F.  S.  BAKER 

*1922.    Is  Douglas-fir  replacing  western  yellow  pine  in  central 
Idaho?   Jour.  Forestry  20(7) :755-764. 

*1925.    Forest  planting  in  the  Intermountain  region.   U.  S.  Dept. 
Agr.  Bui.  1264,  56  pp.,  illus. 


-3- 


KORSTI/iM,  C.  F..  and  N.  J.  FETHEROLF 

*1921.    Control  of  stem  girdle  of  spruce  transplants  ceased  by 
excessive  beat.   Phytopathology  11:485-490,  illus. 

KORSTIAN,  C.  F.,  and  W.  H.  LONG 

*1922.    The  western  yellow  pine  mistletoe:   Effect  on  grovth  and 
suggestions  for  control.   U.  S.  Dept.  Agr.  Bui. 1112, 
36  pp. ,  illus . 

KORSTIAN,  C.  F.,  and  OTffilRS 

•1921.    A  chlorosis  of  conifers  corrected  by  spraying  with 
ferrous  sulphate.   Jour.  Agr.  Res.  21(3)  :153-171 . 

MAKI,  T.  E. 

*1933.    A  method  of  determining  maturity  of  ponderosa  pine  seed. 
Mimeo. 

*1938.    The  forests  of  the  Intermountain  region.   South.  Idaho 
Forester  2(2) :16-20. 

*1940.    Significance  and  applicability  of  seed  maturity  indices 
for  ponderosa  pine.   Jour.  Forestry  38(l):55-60. 

MOW AT,  EDWIN  L. 

*1935.   Methods  of  cutting  ponderosa  pine,  Payette  National 
Forest,  Idaho.   Mimeo. 

*1935.    Methods  of  cutting  ponderosa  pine,  Salmon  National  Forest 
Idaho.   Mimeo.  . 

1940.    Damage  by  logging  and  slash  disposal  in  Idaho  ponderosa 
pine.   Jour.  Forestry  38(3)  :247-255. 

PENDER.  T.  C. 

*1935.    Timber  stand  improvement  in  the  ponderosa  pine  type. 
Mimeo . 

READ,  W.  B. 


*1935,    Ponderosa  pine  planting.   Mimeo, 


-4- 


SA1\APS0N,  A.  \". 

*1916.  The  stability  of  aspen  as  a  type.  Soc .  Amer.  Foresters 
Proc.  11(1)  :S6-87. 

*1919.  Effect  of  grazing  upon  aspen  reproduction.  U.  S.  Dept. 
Agr.  Bui.  741,  29  pp.,  illus. 

SPARHAWK,  W.  N. 

*1918.  Effect  of  grazing  upon  western  yellow  pine  reproduction 
in  central  Idaho.  U.  S.  Dept.  Agr.  Bui.  738,  31  pp., 
illus . 

WILSON,  ALVIN  K. 

1951.  Results  of  cutting  overmature  ponderosa  pine  in  southern 

Idaho.   Research  Paper  No.  26,  7  pp. 

1952.  Rodent  damage  in  ponderosa  pine  plantations.   Research 

Note  No.  3,  2  pp.   Mimeo. 

1952.    Tables  for  classifying  age  and  vigor  of  Douglas-fir  in 
central  Idaho.   Notebook  material,  unclas. 

1952.    An  age-vigor  tree  classification  for  Douglas-fir  in 
central  Idaho.   Jour.  Forestry  50(l2)  :929-933 . 


-b- 


II.   WATERSHED  MANAGEMENT 


BAILEY,  R.  W. 


*1934.    Problems  in  control  of  erosion  and  floods  in  Utah.   Utah 
Juniper  5:17-22,  38,  40,  illus . 

1935.    Shackling  the  mountain  flood.   Amer,  Forests  41:101-104, 
150,  illus. 

*1935.    Epicycles  of  erosion  in  the  valleys  of  the  Colorado 

Plateau  Province.   Jour.  Geol.  43(4) :337-355 ,  illus. 

•1937.    A  new  epicycle  of  erosion.   Jour.  Forestry  35(11)  :997- 
1005. 


•1938. 

•1939 


Mountain  waters.   Misc.  mimeo.  report. 

Mountain  floods  and  vegetation.   Proc .  Sixth  Pacific 
Sci.  Cong.  4:731-736. 


1941.  Climate  and  settlement  of  the  arid  region.  U.  S.  Dept. 
Agr.  Yearbook.   pp.  188-196. 

1941.    Land  erosion — normal  and  accelerated  —  in  the  semiarid 

West.   Trans.  Amer.  Geophys.  Union.   Pt .  II,  240-250. 

•1943.    Mud-rock  flow,  Wasatch  Front.   Utah  Acad.  Sci.,  Arts 
and  Letters  Proc.  21:11.   (Title  only) 

1945.  Determining  trend  of  range-watershed  conditions  essential 

to  success  in  management.   Jour.  Forestry  43(10) :733-737, 

1946.  Problems  ahead  in  wildland  research.   Jour.  Forestry 

44(11) :837-842. 

1947.  Utah's  watersheds.   Proc.  Utah  Acad.  Sci.,  Arts  and 

Letters  25:35-36. 

1948.  Reducing  runoff  and  siltation  through  forest  and  range 

management.   Jour.  Soil  and  Water  Conserv.  3(l):24-31. 

1948.  Geologic  understanding  and  watershed  management.  Proc. 
Inter- American  Conf.  on  Conserv.  of  Renewable  Natural 
Resources,  Denver,  Colo.   September. 

•1949.    Forest  and  range  management  in  f ] cod  and  sediment  control. 
Northwest  Sci.  23(3):99-ni. 

*1949,    HiKieratflnding  our   watersheds.   Reclam.  Era.  35  (lO)  :218-220  . 


-6- 


BAILEY,  R.  W.  (Cont.) 

*1949.    Understanding  our  watersheds.   Reprinted  in  The  Sugar 
Beet  8(4) :18-21,  28,  29. 

1950.    Watershed  management:   key  to  resource  conservation. 
Proc.  15th  North  Amer.  Wildlife  Conf.   pp.  68-75. 

*1950.    Kater  control  through  watershed  management.   Proc.  of 
the  United  Nations  Sci.  Conf.  on  the  Conserv.  and 
Util.  of  Resources,  Vol.  4,  Water  Resources. 

BAILEY,  R.  W..  and  G.  A.  CONNAUGHTON 


1936.  In  watershed  protection.   ^  U.  S.  Forest  Service,  The 

Western  Range... U.  S.  Gong.  74th,  2nd  sess.,  S.  Doc. 
199,  pp.  303-339,  illus. 

BAILEY,  R.  W.,  and  G.  W.  CRADDQCK 

1948.    Watershed  management  for  sediment  control.   Proc.  Fed. 
Interagency  Sedimentation  Conf,,  Denver,  Bureau  of 
Reclamation.   pp.  302-310.   Multilith. 

BAILEY,  R.  W.,  G.  W.  CRADDQCK,  and  A.  R.  CROFT 

1947.    Watershed  management  for  summer  flood  control  in  Utah. 
U.  S.  Dept.  Agr.  Misc.  Pub.  639,  24  pp.,  illus. 

BAILEY,  R.  W.,and  A.  R.  CROFT 

1937.  Contour-trenches  control  floods  and  erosion  on  range  lands 

Emerg.  Conserv.  Work,  Forestry  Pub.  No.  4,  22   pp.,  illus 

BAILEY,  R.  W.,  C.  L.  FORSLING,  and  R.  J.  BECRAFT 

1934.    Floods  and  accelerated  erosion  in  northern  Utah.   U.  S. 
Dept.  Agr.  Misc.  Pub.  196,  21  pp.,  illus. 

BECRAFT.  R.  J. 


*1934.    Plant  cover  in  relation  to  floods  and  watershed  protec- 
tion.  Utah  Juniper  5:9-12. 

CANTJON,  S.  Q..  and  OTHERS 

*1931.    Torrential  floods  in  northern  Utah.   Utah  Agr.  Expt .  Sta, 
Cir.  92,  51  pp.,  illus. 


-7- 


CRADDOCK,  G.  W. 

*1934.    The  erosion-streamf low  and  range  situation  on  the  Boise 
River  Watershed.   Utah  Juniper  5:13-16,  illus. 

*1936.    Range  watershed  conservation:   an  essential  to  land  use 
planning  in  the  arid  West.    Bui.  Agr.  Com.  Amer. 
Rankers  Assoc.  10(7):l-3,  illus. 

*193'7.    Prospective  foresters  and  the  problems  of  mountain  water. 
Forestry  Club  Ann.,  Univ.  of  Idaho  South.  Branch  l(l): 
17-18. 

*1938.    Interim  report,  Willow  Creek  Work  Unit,  Boise  River  Water- 
shed, Idaho. 

1938.    Keeping  our  wild-land  soils  in  place.   Jour.  Forestry 
36(9) :861-863. 

*1940.    Forestry  and  water.   Jour.  Forestry  38(l3)  :141-'146 . 

*1945.    Salt  Lake  City  flood,  1945.   News  Bui.  of  the  Mineralog- 
ical  Soc.  of  Utah  6(2):35-40. 

1946.    Salt  Lake  City  flood,  1945.   Utah  Acad.  Sci.,  Arts  and 
Letters  Proc .  23:51-61,  illus. 

•1947.    Watershed  management  and  sediment  control.   Assoc.  West. 
State  Engin.  Boise,  Idaho.   Mimeo. 

•1948.    Insuring  Utah's  water  supplies  through  v;atershed  research 
Utah  10(9)  :14-15,  27,  29. 

1951.    (Book  review:   Plant  and  soil  water  relationships  by 
Paul  J.  Kramer.)   Jour.  Forestry  49(8) :588. 

1951.    Watershed  management:   the  forester's  challenge.   The 
Ames  Forester  38:37-44. 

CRADDOCK,  G.  W. ,  and  C.  R.  HURSH 

1949.    Watersheds  and  how  to  care  for  them.   U.  S.  Dept.  Agr. 
Yearbook,  pp.  603-609. 


CRADDOCK.  G.  W y.^.  and  _C_.  _KENNETH_PMg.gE       ■  -  •  ' 

*1936 .    Uncle  Sam  goes  into  the  rainmaking  business.   Idaho 
Statesman,  Sunday  sup.   February. 


CRADDOCK,  G.  W. ,  and  C.  KENNETH  PBARSE  (Cont. 


*1938,    Surface  runoff  and  erosion  on  granitic  mountain  soils  of 
Idaho  as  influenced  by  range  cover,  soil  disturbance, 
slope,  and  precipitation  intensity.   U.  S.  Dept.  Agr. 
Cir.  482,  24  pp. ,  illus. 

CRADDOCK,  G.  W. ,  and  LOWELL  WOODWARD 

1945.    Surface  runoff  potentials  of  some  Utah  range-watershed 
lands.   Jour.  Forestry  43(5) :357-S65 . 

CROFT.  A.  R. 


»1935. 
•1936. 
*1940. 

♦1944. 

*1944. 


Watersheds  and  the  farmer.   Utah  Farmer  56(5) :3,  14. 

Why  all  these  floods?   Utah  Farmer  57(6)  :1,  10-11. 

Relationship  of  soil  profile  to  infiltration  rate.   West. 
Soil  Sci.  Proc .  Abstract,  pp.  15-16,  Seattle,  Wash. 

Snow  melting  and  evaporation.   Science,  N.  S.  V.  100,  No. 
2591,  pp.  169-170. 

Evaporation  from  snow.   Amer.  Met.  Soc .  Bui.  25(l0):334- 
337. 


*1944.    Evaporation  from  snow:   In  Report  of  Com.  on  Evaporation 

and  Transpiration,  Trans,  Amer.  Geophys.  Union  5:684-685, 

*1944.  Some  recharge  and  discharge  phenomena  of  north-  and  south- 
facing  watershed  lands  in  the  Wasatch  Mountains.  Trans. 
Amer.  Geophys.  Union  6:881-889. 

*1945.    Water — a  most  important  resource  of  Utah's  forest  and 
range  lands.   Utah  Farmer  65(9)  :6. 

*1946.  Some  factors  that  influence  the  accuracy  of  water-supply 
forecasting  in  the  Intermountain  region.  Trans.  Amer. 
Geophys.  Union   27(3) :375-388 . 

1946.  A  land-use  management  cycle.   Jour.  Forestry  44(ll) :819- 

822,  illus. 

*1947.   Utah  has  many  areas  that  are  real  flood  threats.   Deseret 
News  Weekly  Magazine.   August  9. 

1947.  Discussion  of  some  factors  that  influence  the  accuracy 

of  water-supply  forecasting  in  the  Intermountain  region. 
Trans.  Amer.  Geophys.  Union  28(3) :486-491 . 


-9- 


CROFT,  A.  R.  (Cont.) 

1948.   Water  loss  by  stream  surface  evaporation  and  transpira- 
tion by  riparian  vegetation.   Trans.  Amer.  Geophys. 
Union  29(2) :235-239. 

*1950,    A  water  cost  of  runoff  control.   Jour.  Soil  and  Water 
Conserv.  5(l):13-15,  illus. 

CROFT,  A.  R.,  and  JOHN  A.  ADAMS,  JR. 

1950.  Landslides  and  sedimentation  in  the  North  Fork  of  Ogden 

River,  May  1949.   Research  Paper  No.  21,  4  pp. ,  illus. 
Mimeo . 

CROFT,  A.  R.,  and  MARVIN  D.  HOOVBR 

1951.  The  relation  of  forests  to  our  water  supply.   Jour. 

Forestry,  49(4) :245-249 . 

CROFT,  A.  R.,  and  L.  W.  Mc DONALD 

*1944.    Centerville — a  pattern  for  progress.   Utah  Farmer  64(5): 
3-4,  14,  20. 

CROFT,  A.  R.,  and  RICHARD  B.  MARSTON 

*1943.    Some  recharge-phenomena  of  a  Wasatch  Plateau  watershed. 
Trans.  Amer.  Geophys.  Union  Pt .  II,  pp.  460-465. 

*1944.    Some  recharge-phenomena  of  a  Wasatch  Plateau  watershed. 
(Abstract)  Amer.  Met.  Soc .  Bui.  25(5)  :218-219. 

*1950.    Summer  rainfall  characteristics  in  northern  Utah.   Trans, 
Amer.  Geophys.  Union  3l(l):83-95. 

CROFT,  A.  R..  and  JAMES  P.  THQRNE 

*1943,    Some  properties  of  Wasatch  mountain  soils.   Utah  Acad. 

Sci.,  Arts  and  Letters  Proc.  21:6.  (Abstract)  1943-44. 

CROFT.  A.  R. ,  LOWELL  WOODWARD,  and  D.  A.  ANDERSON 

*1937.    Comparison  of  accelerated  erosion  losses  in  Emigration, 
Red  Butte,  and  City  Creek  Canyons.   Utah  Acad.  Sci., 
Arts  and  Letters  Proc.  14:31-32.   (Abstract) 

*1943.    Measurement  of  accelerated  erosion  on  range  lands.   Jour, 
Forestry  41(2) :112-116. 


•10- 


DEMING,  MILO  H. 

*1931 .    The  erosion  situation  on  the  Colorado  River  watershed. 
Prelim,  report.   (Typewritten) 

ELLISON,  LINCOLN 

1946.    The  pocket  gopher  in  relation  to  soil  erosion  on  mountain 
range.   Ecology  27(2) :101-114. 

*1947.    High  on  the  mountain  top,  where  the  wealth  of  the  state 
begins.   Utah  Farmer  66(11)  :18. 

*1947.    Mountain  range-watersheds.   Utah  Farmer  66(13)  :11. 

ELLISON,  LINCOLN,  A.  R.  CROFT,  and  REED  W.  BAILEY 

1951.    Indicators  of  condition  and  trend  on  high  range-watersheds 
of  the  Intermountain  region.   U.  S.  Dept.  Agr . ,  Agr. 
Handb.  No.  19,  66  pp.,  illus. 

FORSLING,  C.  L. 


*1924. 

*1925. 

*1928. 
*1928. 


Fire  and  the  range  improvement  problem.   Natl.  Wool 
Grower  14(7) :13-14. 

Grazing  in  pine  plantations.   Jour.  Forestry  23(11): 
905-908. 

The  soil  protection  problem.   Jour.  Forestry  26(8)  :994-997 

Grazing  control  is  needed  for  proper  watershed  protection. 
U.  S.  Dept.  Agr.  Yearbook,  1927.   pp.  350-351. 


1931.  A  study  of  the  influence  of  herbaceous  plant  cover  on 

surface  runoff  and  soil  erosion  in  relation  to  grazing 
on  the  Wasatch  Plateau  in  Utah.   U.  S.  Dept.  Agr.  Tech. 
Bui.  220,  72  pp. ,  illus. 

1932.  Erosion  on  uncultivated  lands  in  the  Intermountain  region. 

Sci.  Monthly  34(4) :311-321,  illus. 

*1933 .    The  water  conservation  problem  in  forestry.   Jour. 
Forestry  31(2)  :177-184. 

*1934.    Erosion:   a  challenge  to  America,   Utah  Juniper  5:5-8, 
34-35,  illus. 


■11- 


FORSLING,  C.  L.,  and  GBORGE  STEWART 

*1933.    Management  of  uncultivated  lands.   World's  Grain  Exhibi- 
tion and  Conf.  Proc . ,  V.  2,  Canada. 

GQODELL,  BERTRAM  C,  and  KENNETH  L.  ROBERTS 

*1941.    Test  of  snow-sampling  tubes  of  large  and  small  diameter. 
Trans.  Amer.  Geophys.  Union  1:151-152. 

HAUPT.  H.  F. 

1951.    Snow  accumulation  and  retention  on  pondorosa  pine  lands 
in  Idaho.   Jour.  Forestry  49(12)  :869-871. 

LOBENSTEIN,  HENRY  L. 

*1948.    Flood  control  surveys  propose  safeguards  for  Utah's  farm- 
lands, industries,  and  homes.   Utah  10(9):22-23,  32-34. 

*1950.    Work  and  activity  in  flood  control  by  the  Department  of 

Agriculture.   Proc.  of  the  Sedimentation  Conf.  Paper  No 
1,  Pacific  Southwest  Fed.  Inter-Agency  Tech.  Com.,  7  pp. 

LOCPCE,  S.  B. 

*1930.    Water  areas  as  a  forest  resource.   Jour.  Forestry  28(5): 
679-682. 

LULL,  HOWARD  W. 

1949.   Watershed  condition  and  flood  potential.   Jour.  Forestry 
47(l):45-48,  illus. 

1949.  Forest  influences:   growth  of  a  concept.   Jour.  Forestry 

47(9):700-705. 

LULL,  HOWARD  W. ,  and  LINCOLN  ELLISON 

1950.  Precipitation  in  relation  to  altitude  in  central  Utah. 

Ecology  31(3) :479-484. 

LULL.  HOWARD  W. ,  and  H.  K.  ORR  .l 

1950.  Induced  snow  drifting  for  water  storage.   Jour.  Forestry 

48(3):179-181,  illus. 

MARSTON.  RICHARD  B. 

1951.  Effect  of  vegetation  on  rainstorm  runoff.   (Abstract) 

Utah  Acad.  Sci.,  Arts  and  Letters  Proc.  26:144. 


•12- 


MARSTON,  RICHARD  B.  (Cont.) 

1952,  Ground  cover  requirements  for  sunomer  storm  runoff  control 
on  aspen  sjtes  in  northern  Utah.  Jour.  Forestry  50(4): 
303-307. 

OLSON,  0.  C. 


1949.    Relations  between  accelerated  erosion  and  soil  depth  on 
the  Wasatch  Mountains.   Soil  Sci.  67(6) -.447-451 . 

PACKER,  PAUL  E. 

1951.    An  approach  to  watershed  protection  criteria.   Jour. 
Forestry  49(9) :S39-644. 

1951.    Status  of  research  on  watershed  protection  requirements 
for  granitic  mountain  soils  in  southwestern  Idaho. 
Research  Paper  No.  27,  20  pp.   Mimeo. 

PAUL,  J.  H. ,  and  F.  S.  BAKER 

♦1923.    The  floods  of  1923  in  northern  Utah.   Utah  Univ.  Bui. 
15,  No.  3,  20  pp. ,  ill  as. 

PBARSE,  C .  KENNETH 

*1936.    Specifications  for  the  construction  and  operation  of  a 
portable  apparatus  for  measuring  surficial  runoff  and 
erosion.   Mimeo. 

PEARSE.  C.  KENNETH,  and  F.  D.  BERTELSOM 

*1937.    Construction  and  operation  of  an  apparatus  for  the 

measurement  of  absorption  of  surface  water  by  soils. 
Mimeo . 

PEARSE,  C.  KENNETH,  and  S.  B.  WOOLLEY 

*1936.    The  influence  of  range  plant  cover  on  the  rate  of 

absorption  of  surface  water  by  soil.   Jour.  Forestry 
34(9) :844-847,  illus. 

PBCHANEC .  J OSEPH  F . ,  G .  D .  P ICKFORD ,  a nd  GEORGE  STEWART 

1937.    Effects  of  the  1934  drought  on  native  vegetation  of  the 
Upper  Snake  River  Plains,  Idaho.   Ecology  18(4) :490- 
505. 


-13- 


PICKFORD,  G.  D. 

*1932.    The  influence  of  continued  heavy  grazing  and  of  promiscuous 
burning  on  spring-fall  ranges  in  Utah.   Ecology  13(2): 
159-171,  illus. 

PRICE,  RAYMOND,  and  ROBERT  B.  SVANS 

1937.   Climate  of  the  west  front  of  the  Wasatch  Plateau  in 

central  Utah.   U.  S.  Monthly  Weather  Rev.  55(8)  :291- 
301,  illus. 

RBNNER,  F.  C. 


•1930.   Watershed  snow  surveys  read  the  irrigation  fate  of  the 
valley.   Idaho  Daily  Statesman,  July  6. 

*1931 .   Erosion  studies  under  way  in  southern  Idaho.   U.  S.  Forest 
Service,  Forest  Worker  7(2)  :10. 

1936.   Conditions  influencing  erosion  on  the  Boise  River  water- 
shed.  U.  S.  Dept.  Agr.  Tech.  Bui.  528,  32  pp.,  illus. 

REYNOLDS,  ROBERT  V.  R. 


*1911.   Grazing  and  floods:   a  study  of  conditions  in  the  Manti 

National  Forest,  Utah.   U.  S.  Dept.  Agr.  Forest  Service 
Bui.  91,  16  pp. ,  illus. 

ROSA,  J.  M..  and  M.  H.  TIGERMAN  ,  .,' 

1951.  Some  methods  for  relating  sediment  production  to  watershed 

conditions.   Research  Paper  No.  26,    19  pp.   Mimeo. 

STEWART.  GEORGE 

*1947.   Mountain  v/aters :   our  heritage  and  obligation.   Improvement 
Era  50(7) :448-450,  illus. 

STEWART.  GEORGE,  and  C.  L.  FORSLING 

*1931.    Surface  run-off  and  erosion  in  relation  to  soil  and  plant 
cover  on  high  grazing  lands  of  central  Utah.   Amer. 
Soc.  Agron.  Jour.  23(lO)  :615-832. 

TIGERMAN,  MERLE  H. 

1952.  Observation  of  infiltration  rates  and  sediment  production 

on  big  game  ranges.   Jour.  Wildlife  Mangt .  16(2) :224- 
225. 


•14- 


TIGERMAN,    IViERLg  H.,  and   J.    M.    ROSA 

1949.    Erosion  from  melting  snow  on  frozen  ground.   Jour. 
Forestry  47(10) :807-809,  illus. 

WALTERS,  JOEL  F, 


♦1947.    Utah's  humid  islands.   Utah  9(9):4-7,  24. 

WOODWARD,  LOWELL 

1943.    Infiltration  capacities  of  some  plant-soil  complexes  on 
Utah  range  watershed  lands.   Trans.  Amer.  Geophys. 
Union  Pt.  2,  pp.  468-475. 

WOODWARD,  LOWELL,  and  D.  A.  ANDERSON 

*1938.    A  device  for  the  rapid  collection  of  surface-inch  soil 

samples.   Amer.  Soc .  Agron.  Jour.  30(2)  :162-163 ,  illus 

WOODWARD,  LOWELL,  and  GEORGE  W.  CRADDOCK 

1945.    Surface  runoff  potentials  of  some  Utah  range-watershed 
lands.   Jour.  Forestry  43 (5) :357-365 . 


■15- 


III.   RANGE  MANAGEMENT 

BAILEY,  REED  W. 

*1939.    Resource  management:   a  cardinal  enterprise  in  the  Inter- 
mountain  region.   South.  Idaho  Forester  3(l):21-22. 

*1939.   The  role  of  range  management  in  erosion  control.   Idaho 
Forester  21:9,  38. 

BLAISDELL,  JAMBS  P. 

*1949.   Competition  between  sagebrush  seedlings  and  reseeded 
grasses.   Ecology  30(4) :512-519,  illus. 

1950.   Effects  of  controlled  burning  on  bitterbrush  on  the  Upper 
Snake  River  Plains.   Research  Paper  No,  20,  3  pp.   Mimeo, 

BLAISDELL.  JAMES  P.,  and  J.  F.  PECHANEC 

*1949.   Effects  of  herbage  removal  at  various  dates  on  vigor  of 

bluebunch  wheatgrass  and  arrowleaf  balsamroot .   Ecology 
30(3)  :298-305,  illus.   ..  . 

BLAISDELL.  JAMBS  P.,  (A.  C.  WIESE,  and  C.  W.  HODGSON) 

1952.   Variations  in  chemical  composition  of  bluebunch  wheat- 
grass,  arrowleaf  balsamroot,  and  associated  range 
plants.   Jour.  Range  Mangt.  5(5)  :346-353 . 

BLEAK.  A.  T. 

1948.    Heavy  stocking--a  handicap  to  range  sheep  production. 
Research  Paper  No.  17,  6  pp.   Mimeo. 

*1950.    Intermediate  wheatgrass  promises  good  forage.   Utah 
Farmer  69(17)  :12-13. 

BLEAK,  A.  T.,  and  T.  A.  PHILLIPS 

1950.    Seedling  stands  from  airplane  broadcasting  of  pelleted 
and  unpelleted  seed  in  southeastern  Utah.   Research 
Paper  No.  22,  14  pp.   Mimeo. 

CAMPBELL,  R.  S.,  LINCOLN  ELLISON,  and  F.  G.  RENMER 

1948.   Management  that  restores  the  range.   U.  S,  Dept .  Agr. 
Yearbook,  pp.  221-226. 


-16- 


CLARK,  IRA 

*1940.    Good  cattle — good  grass  go  together.   Hereford  Jour. 
30(18)  :18-19,  22-23,  62. 

•1943.    Field  comparisons  in  estimating  percentage  utilization 
of  range  forage  plants  by  direct  percentage  and  by 
use  class  estimates.   Utah  Acad.  Sci.,  Arts  and  Letters 
Proc.  21:7.  1943-44. 

1945.    Variability  in  growth  characteristics  of  forage  plants 

on  summer  range  in  central  Utah.   Jour.  Forestry  43(4): 
273-283. 

CQSTELLO,  DAVID  F.,  and  RAYr^OND  PRICE 

1939.    Weather  and  plant-development  data  as  determinants  of 
grazing  periods  on  mountain  range.   U.  S.  Dept.  Agr. 
Tech.  Bui.  686,  30  pp.,  illus. 

CQTTAM,  W.  P.,  and  GEORGE  STEW ART 

*1938.    Range  conservation  in  Gem  County,  Idaho.   Coop.  Western 
Range  Survey  Report . 

*1938.    Range  conservation  in  Wasatch  County,  Utah.   Coop. 
Western  Range  Survey  Report. 

*1940.    Plant  succession  as  a  result  of  grazing  and  of  meadow 

desiccation  by  erosion  since  settlement  in  1862.   Jour. 
Forestry  38(8)  :613-626,  illus. 

CRADDOCK,  GEORGE  W. ,  and  G.  L.  F0R3LING 

1938.    The  influence  of  climate  and  grazing  on  spring-fall 
sheep  range  in  southern  Idaho.   U.  S.  Dept.  Agr. 
Tech.  Bui.  600,  42  pp.,  illus. 

ELLISON,  LINCOLN 

*1941.    Notes  on  ecology  of  subalpine  range  plants  in  central 

Utah.   Utah  Acad.  Sci.,  Arts  and  Letters  Proc.  18:12. 
(Abstract) 

*1942.    Overlays  as  a  visual  aid  in  analysis  of  permanent  quadrat 
records.   Ecology  23(4) :482-484. 

1942.    A  comparison  of  methods  of  quadratting  shortgrass  vegeta- 
tion.  Jour.  Agr.  Res.  64(l0) :595-614,  illus. 


-17- 


ELLISON,  LINCOLN  (Cont.) 

*1943.    What  is  range  improvement?   Ames  Forester  31:15-22. 

*1943.   Review  of  "The  reproductive  capacity  of  plants:   studies 
in  quantitative  biology"  by  E.  J.  Salisbury,  Jour. 
Forestry  4l(ll) :846-847. 

*1946.    How  a  subject-matter  division  in  range  can  serve  land 
management.   Jour.  Forestry  44(11) :929-931 . 

*1948.    Bettering  management  of  Utah's  range  lands.   Utah  10(9): 
8-13,  25-27,  illus. 

*1949.   The  establishment  of  vegetation  on  depleted  subalpine 

range  as  influenced  by  microenvironment .   Ecol.  Monog. 
19(2):95-121,  illus. 

1949.    The  ecological  basis  for  judging  condition  and  trend  on 
mountain  range  land.   Jour.  Forestry  4V(lO)  :787-795, 
illus. 

1952.    Observations  on  ecological  research  relating  to  soil 
erosion  of  pasturelands  in  eastern  New  South  Wales. 
Jour.  Austral.  Inst.  Agr .  Sci.  18(9)  :147-151. 

ELLISON,  LINCOLN,  and  (C.  M.  ALDOUS) 

1952.    Influence  of  pocket  gophers  on  vegetation  of  subalpine 
grassland  in  central  Utah.   Ecology  33(2)  :177-186 . 

ELLISON,  LINCOLN,  and  A.  R.  CROFT 

*1944.    Principles  and  indicators  for  judging  condition  and 

trend  on  high  range-watersheds.   Research  Paper  No.  6, 
65  pp.,  illus.,  processed;  '  '' 

FENLEY,  JOHN  M. 


*1948.    Oldman  wormvi/ood ...  ornamental  sagebrush  makes  good  plant 
for  erosion  control  and  sheep  grazing.   Utah  Farmer 
67(15)  :13.  ■  ■  ■■ 

*1951.    Operation  salt:   skip-bombing  in  Nevada.   The  Natl. 
Flying  Farmer  4(4) :7.  .  .      ; 

*1951.    A  one-man  portable  livestock  enclosure.   Jour.  Range 
Mangt.  4(2) :112-113. 


•18- 


FENLBY,  JOHN  M.  (Cont.) 
*1951. 


A  one-man  portable  livestock  exclosure.   (Reprinted  in 
the  Mont.  Wool  Grower  20(6): 7.) 


*1951.   The  role  of  research  in  solving  Tri-State  reseeding  prob- 
lems.  Ill  Proc .  of  the  Tri-State  Range  Reseeding  Methods 
Conf.,  Sec.  4,  39  pp.,  including  discussion.   Univ. 
Nev.  Agr.  Ext.  Serv. 

FORSLING,  C.  L. 

1924.    Saving  livestock  from  starvation  on  Southwestern  ranges. 
U.  S.  Dept.  Agr.  Farmers'  Bui.  1428,  22  pp.,  illus. 

•1925.   Range  studies  as  an  aid  in  livestock  production. 
Producer  6(7):3-6,  illus.;  6(8)  :8. 

*1925 .    Some  methods  used  in  grazing  studies.   Idaho  Forester 
7:17-20,  45-56. 

*1927.    Making  grazing  lands  more  productive.   Natl.  Wool  Grower 
17(6):19-21,  44-46,  48,  illus. 

*1927.    Development  of  better  grazing  practice.   Producer  8(11): 
3-6,  illus. 

*1928.   The  spring  range  problem.   Producer  10(5)  :3-7,  illus. 

1929.   The  utilization  of  browse  forage  as  summer  range  for 
cattle  in  southwestern  Utah.   U.  S.  Dept.  Agr.  Cir. 
62,  29  pp. ,  illus. 

*1931.    Range  management  as  a  field  of  forestry.   Idaho  Forester 
13:10-11,  49. 

*1932.    Range  research  in  the  Inter-mountain  region.   Ogden  Live- 
stock Digest  3(8)  :11,  13,  15,  illus. 

*1934.   Maintaining  forage  production  on  the  range.   Natl.  Wool 
Grower  24(5):15-17,  29-32. 

FORSLING,  C.  L.,  and  W.  A.  DAYTON 

1931.   Artificial  reseeding  on  western  mountain  range  lands, 
U.  S.  Dept,  Agr.  Cir.  178,  48  pp.,  illus. 


■19- 


FORSLING.  C.  L.  and  E.  V.  STORM 

1929.    The  utilization  of  browse  forage  as  summer  range  for 
cattle  in  southwestern  Utah.   U.  S.  Dept.  Agr.  Cir. 
62,  29  pp. ,  illus. 

FRISCHKNBCHT.  NBIL  C. 

*1950.    Tall  wheatgrass  thrives  on  salt-bearing  lands.   Utah 
Farmer  69(12)  :8. 

1951.    Seeding  emergence  and  survival  of  range  grasses  in 
central  Utah.   Agron.  Jour.  43(4) :177-182. 

FRISCHKNBCHT,  NBIL  C,  and  A.  PERRY  PLUMPER 

*1949.   A  simplified  technique  for  determining  herbage  production 
on  range  and  pasture  land.   Agron.  Jour.  4l(2):63-65. 

FRISCHKNBCHT,  NBIL  C,  and  OTHERS 

*1950.   Crested  wheatgrass  provides  excellent  spring  pasture  for 
beef  caitle.   Utah  Agr.  S:'pt .  Stu .  ,    Fa:m  and  Home  Sci. 
11(4)  :s:=.-94.   (Georce  Stewart,  J.  A.  Bunnett,  and  H.  K. 
VJoodwa/u) 

GRISiO^D,  s:r.viA  U. 


*1936 .   Effect  of  alternate  moistening  and  drying  on  the  germina- 
tion of  seeds.   Bot.  Gaz.  98(2) :243-269 . 

HANSEN,    J.    DELOY.    axid   IRA  CLARK 

*1939.   Range  utilization  handbook,  U.  S.  Forest  Service,  Region 
4.  35  pp. 


(HARRIS,  LORIN  B.)J:/and  OTHERS 


*1950.   Crested  wheatgrass  provides  excellent  spring  pasture  for 
beef  cattle.   Utah  Agr.  Expt.  Sta.,  Farm  and  Home  Sci. 
11(4):70-71,  93-94.   (George  Stewart,  Neil  C. 
Frischknecht ,  James  A.  Bennett,  and  Harry  K.  Woodward) 

HOLSCHBR,  C.  E. 

*1946.   Fire  as  a  means  of  range  betterment  on  brushland.   Record 
Stockman  57(23)  :7. 


1/  Parentheses  indicate  senior  author  is  not  Forest  Service  employee. 


•  20- 


HOLSCHER,  C.  S. ,  and  D.  A.  SPENCER 

1948.    Sheep,  goats,  and  grasslands.   U.  S.  Dept.  Agr ,  Yearbook 
pp.  94-99. 


HOUSTON,  W.  R. 

*1951.    A  preliminary  study  of  some  factors  affecting  forage 

production  in  the  aspen  type  of  central  Utah.   M.  S. 
thesis,  Univ.  of  Utah. 

HULL,  A.  C. ,  JR. 

1940.    Bulbous  bluegrass,  valuable  for  reseeding  Intermountain 
ranges.   Natl.  Wool  Grower  30(8) :32. 

*1941.    Competition  between  sagebrush  and  reseeded  species  on  a 
burned-over  area  in  southeastern  Idaho.   Utah  Acad. 
Sci.,  A.rts  and  Letters  Proc .  18:12. 

1943.  Hand  collection  and  cleaning  of  seed  of  native  forage 

plants.   Research  Paper  No.  4,  4  pp.,  illua,  processed. 

*1943.    Relation  of  grass  production  to  sagebrush  invasion  of 

burned-over  areas  in  southeastern  Idaho.   South.  Idaho 
Forester  5(l)  :2-5. 

*1944.  The  relation  of  grazing  to  establishment  and  vigor  of 
crested  wheatgrass.  Amer.  Soc .  Agron.  Jour.  36(4): 
358-360. 

*1944.   Range  reseeding--an  aid  to  cattlemen.   Amer.  Cattle  Prod., 
Idaho  ed.  25(11)  :18A. 

1944.  Regrassing  southern  Idaho  range  lands.   Univ.  Idaho  Ext. 

Bui.  No.  146,  7  pp. 

*1944.   Crested  wheatgrass  for  sheep  ranges.   Natl.  Wool  Grower 
34(9):13. 

*1945.    Bulbous  bluegrass.   Good  for  seeding  early  spring  sheep 
ranges  of  the  Intermountain  region.   Natl.  Wool  Grower 
35(1)  :13,  illus. 

1945.  Orchardgrass  for  reseeding.   Natl.  Wool  Grower  35(3) :12. 

1947.   Timothy  for  seeding  summer  range.   Natl.  Wool  Gr-ower 
37(5) :17. 

*1947.    Australian  sagebusting  plow.   Reclam.  Era  33 (12) :265-266 . 


-21- 


HULL,  A.  C. ,  JR.  (Cont.) 

*1947.    btiifhair  wheatgrasp  for  Tntermountain  sheep  ranges. 
IJatl.  Wool  Grower  3V(12):15. 

1949.   Depth,  season,  and  row  spacing  for  planting  grasses  on 
southern  Idaho  rango  land.   Amer.  Soc .  Agron.  Jour. 
40(11)  :^60-969. 

1949.    Growth  pariods  ar.d  herbage  production  of  choatgrass  and 
raseeaeri.  g^^asses  in  southwestern  Idaho.   Jour.  Range 
Mangt.  2(4)  :  135 -166.   - 

HULL,  A.  C,  JR.,  and  WILLIAM  N.  ANDERSON 

1947.    Replacing  sagebrush  with  grass.   Natl,  Wool  Grower  37(7): 
19,  25-,?6. 

HULL,  A.  C,  JR.,  aud  T.  L.  liARTIN 

*1939.  A  preliKinary  study  of  physical  and  chemical  characteris- 
tics of  soils  under  sagebrush,  shadscale,  and  winterfat 
Utah  Acad.  Sci.,  Arts  axid  Letters  Proc .  16:39. 

HULL,  A.  C,  JR.,  and  C.  laiNN^lTIJ  PEARSii] 

1943.   How  to  reseed  southern  Idaho  range  lands.   Research 
Paper  No.  2,  22  pp.,  processed,  illus. 

1943.   Good  seed  for  rango  reseeding.   Research  Paper  No.  5, 
5  pp.,  processed,  illus. 

HULL,  A.  C.  JR.,  and  JOSEPH  F.  PECHANEC 

^1942.    An  extension  of  range  for  blue  grama.   Ecology  23(3)  :369. 


♦1 


1947,    Cheatgrass--a  challenge  to  range  research.   Jour. 
Forestry  45(8) :555-564. 

*1947,    Australian  plow  needs  changes.   Idaho  Farmer,  17,  20. 
November  6. 

*1947.    Australian  plow  needs  changes.   Oreg.  Farmer,  November  20 

*1947.    Aussie  plow  tried  on  sagebrush.   Wash.  Farmer  17,  20. 
December  4. 


-22- 


HULL,  A.  C,  JR.,  and  SBTH  T.  SHAW 

*1940.   Respiration  of  bulbous  bluegrass  bulbils.   Utah  Acad. 
Sci.,  Arts  and  Letters  Proc .  17:14.   (Abstract) 

HULL,  A.  C,  JR.,  and  GEORGE  STEWART 

1948.    Seeding  southern  Idaho  ranf^e  lands  by  airplane. 
Research  Paper  l!o.  16,  14  pp.   Mimeo. 

1948.    Replacing  cheatgrass  by  seeding  with  perennial  grass  on 
Idaho  range  lands.   Amer.  Soc .  Agron.  Jour.  40(8) :694- 
703,  illus. 

HURD,  R.  M. 

1948.  A  range  test  of  species  adaptability.   Iowa  State  Col. 

Jour.  Sci.  22(4):387-394. 

1949.  Sagebrush  to  grass.   Amer.  Cattle  Prod.  30 (11)  :11-12,  26 

HURD,  RICHARD  M.  ,  and  C.  KEMETH  PEARSE 

*1943.    Increased  forage  from  saltgrass  lands.   Utah  Farmer 
62(21) :6,  14. 

*1944.    Relative  palatability  of  eight  grasses  used  in  range 
reseeding.   Amer.  Soc.  Agron.  Jour.  36(2)  :162-165 . 

HURD,  R.  U. ,    and  RAY  0.  PETERSEN 

1949.    Outline  guide  for  reseeding  ranges  in  southern  Idaho. 
Idaho  Ext.  Serv.,  7  pp.   Mimeo. 

HUTCHINGS,  SELAR  S. 

*1932.    Light  in  relation  to  the  seed  germination  of  Mimulus 
ringens  L.   Amer.  Jour.  Bot .  19(7)  :632-643 . 

•1938.    Forage  volume  and  proper  use  ratings  of  forage  plants 

for  winter  gi-azing.   Intermountain  Forest  &   Range  Expt 
Sta.   (Mimeo. ) 

1946.    Drive  the  water  to  the  sheep.   Natl.  Wool  Grower  36(4): 
10-11,  48,  illus. 

*1950.    Effects  of  seasonal  grazing  on   winter  ranges  of  the 

Intermo-untain  region.   Jour.  Range  Mangt .  3  (3)  :220-221 . 
(Abstract) 


-23- 


HUTCHINGS,  SELAR  S.  (Cont.)  :'  V.,"-.- 

•1950.   Forecasting  forage  on  the  winter  range.   Natl.  '/Jool 
Grower  40(10) :14,  36. 

1951.  Winter  range  forage  forecast,  1951.   The  Natl.  Wool 

Grower  4l(l0) :12. 

1952.  Snout  moth  damage  to  shadscale  in  southern  Idaho.   Natl. 

Wool  Grower  42(7):24-25,  38. 

JARDINE,  J.  T.,  and  MARK  ANDERSON 

1919.   Range  management  on  the  national  forests.   U.  S.  Dept. 
Agr.  Bui.  790,  98  pp.,  illus. 

JARDINE,  J.  T.,  and  C.  L.  FORSLING 

*1922.   Range  and  cattle  management  during  drought.   U.  S.  Dept 
Agr.  Bui.  1031,  83  pp.,  illus. 

KLOMP,  GERARD  J.  ..    ..... 


*1949.   Possibilities  for  increasing  range  forage  production  in 
Utah  through  artificial  revegetation.   (Abstract) 
Utah  Acad.  Sci.,  Arts  and  Letters  Proc .  26:146-147. 

yc PARTY.  EDWARD  C. 

1938.   The  relation  of  growth  to  the  varying  carbohydrate  content 
in  mountain  brome .   U.  S.  Dept.  Agr.  Tech.  Bui.  598,  24 
pp. ,  illus. 

Mccarty,  sdward  c,  and  Raymond  price 

1942.   Growth  and  carbohydrate  content  of  important  mountain 

forage  plants  in  central  Utah  as  affected  by  clipping 
and  grazing.   U.  S.  Dept.  Agr.  Tech.  Bui.  818,  51  pp., 
illus. 

McGINNIES.  W.  J. 

*1949 .    Reducing  hazards  of  winter  grazing.   Natl.  Wool  Grower 
39(10) :14-15,  36. 

MAJOR,  JACK 

*1948.        Elements   of  a  range   condition  class-if ication  of  the  aspen 
type    in  Utah.      Utah  Acad.    Sci.,    Arts   and   Letters   Proc. 
25:173-174.      (Abstract) 


-24- 


(MONK,  RALPH  W . )r^  and  GEORGE  STEWART 


1951.  Seasonal  variations  of  crude  protein  and  phosphorus  in 

four  range  plants  used  for  reseeding.   Research  Note 
No.  1,  5  pp.   Mimeo. 

MUBGGLER,  WALTER  F. 

1950.   Effects  of  spring  and  fall  grazing  by  sheep  on  vegeta- 
tion of  the  Upper  Snake  River  Plains.   Jour.  Range 
Mangt.  3(4) :308-315. 

1952.  Effects  of  several  chemicals  on  tall  larkspur  and 

associated  tailcup  lupine.   Research  Note  No.  4,  3  pp. 
Mimeo. 

MUBGGLER,  WALTER  F,  and  JAMES  P.  BLAISDBLL 

1950.  Eradication  of  wyethia.   Research  Paper  No.  25,  2  pp. 

Mimeo . 

1951.  Replacing  wyethia  with  desirable  forage  species.   Jour. 

Range   Mangt.    4(3) :143-150 . 

NELSON,    B.    W. 


*1930.    Mapping  of  browse  area.   Jour.  Forestry  28(l):91-92 

*1930.   Methods  of  studying  shrubby  plants  in  relation  to 
grazing.   Ecology  11(4) :764-769,  illus. 

OLSON,  0.  C. 


1952.   The  soil  profile  as  an  aid  to  range  management.   Jour, 
Range  Mangt.  5(3) :124-128. 

PEARSE,  C.  KENNETH 

*1935.    An  area-list  method  of  measuring  plant  populations. 
Ecology  16(4)  :573-579,  illus. 

*1941.    Range  grass  seed:   a  promising  crop  for  Utah.   Utah 
Farmer  61(5)  :9. 

PEARSE,  C.  KENNETH,  and  A.  C.  HULL,  JR. 

*1943.    Some  economic  aspects  of  re;3eeding  range  lands.   Jour 
Forestry  41(5) :346-358. 


1/  Parentheses  indicate  senior  author  is  not  Forest  Service  employee 

-25- 


PBARSE,  C.  KENNETH,  A.  PERRY  PLUMMBR,  and  D.  A.  SAVAGE 

*1948.    Restoring  the  range  by  reseeding.   U.  S.  Dept.  Agr, 
Yearbook,  pp.  227-233. 


PEARSE,  C 


ESNNETH,  and  GEORGE  STEWART 


*1938.    Suggestions  for  drilling  grass  seed  on  ranges  with  slopes 
steeper  than  35  percent,   Mimeo. 

PiSCHANEC,  jnSFlrF;  F. 


^936 


Comnents  on  the  stem-count  method  of  determining  percentage 
utilization.   Ecology  17(2) ;329-331. 


*1936 .    Identification  of  grasses  on  the  Upper  Snake  River  Plains 
by  ver^etative  characters.   Ecology  17(2)  :479-490 ,  illus. 

1940.    Forest  Service  range  research  seminar.   Ecology  21(3): 
422-424. 

*1941.    Sampling  error  in  range  surveys  of  sagebrush-grass  vegeta- 
tion.  Jour.  Fox'estry  39(l):52-54, 

*1941.    Application  of  analysis  of  covariance , to  range  research 
data.   Technical  Note  No.  1.   Mimeo. 

*1941,   Range  problems  of  the  sagebrush-grass  type.   Utah  Juniper 
12:4-7. 

1944,  Grazing  management  needed  after  accidental  burns.   Research 

Paper  No.  7,  2  pp.   Mimeo. 

1945,  Indicators  of  downward  trend  in  sagebrush-perennial  grass 

ranges  grazed  by  sheep  in  the  spring  and  fall.   Research 
Paper  No.  12,  2  pp.   Mimeo. 

*1945.    This  stockman  finds  a  good  investment — and  disproves  an 
old  lament.   Amer,  Hereford  Jour.  36(l0):8,  46, 


FSCHANEC,  JOSEPH  F. ,  and  A.  C,  HULL,  JR. 


•1942, 
♦1945, 


An  extension  of  range  for  blue  grama.   Ecology  23(3)  :369, 

Spring  forage  lost  through  cheatgrass  fires.   Natl.  Wool 
Grower  35(4) :13. 


PECHANEC,  JOSEPH  F..  C.  KENNETH  PEARSE,  and  G.  D.  PICKFORD 

*1935.    An  improved  pantograph  for  mapping  vegetation.   Ecology 
16(3)  :529-530,  illus. 


-26- 


PECHANEC,  JOSEPH  F.,  and  G.  D.  PICKFORD 

1937.   A  comparison  of  some  methods  used  in  determining  percent- 
age utilization  of  grasses.   Jour,  Agr.  Res.  54(10): 
753-765. 

*1937.    A  weight  estimate  method  for  the  determination  of  range 
or  pasture  productivity.   Amer.  Soc .  Agron.  Jour. 
29(11) :894-904. 

PSCHANBC,  JOSEPH  F. ,  G.  D.  PICKFORD,  and  GEORGE  STEWART 

*1937.   The  effects  of  the  1934  drought  on  native  vegetation  of 
the  Upper  Snake  River  Plains,  Idaho.   Ecology  18(4): 
490-505,  illus. 

PECHANEC,  JOSEPH  F. ,  and  GEORGE  STEWART 

1940.  Sagebrush-grass  range  sampling  studies:  size  and  struc- 
ture of  sampling  unit.  Amer.  Soc.  Agron.  Jour.  32(9): 
669-682. 

*1941.    Sagebrush-grass  range  sampling  studies:   variability  of 

native  vegetation  and  sampling  error.   Amer.  Soc.  Agron, 
Jour.  33(12)  :1057-1071. 

*1944.    Improving  sagebrush  ranges  by  planned  burning.   Natl. 

Wool  Grower  34(6)  :13-15,  Pt .  I.   34(7):13-15,  Pt .  II. 

*1944.    Sagebrush  burning--good  and  bad.   U.  S.  Dept.  Agr. 
Farmers'  Bui.  1948,  32  pp.,  illus. 

1949.   Grazing  spring-fall  sheep  ranges  of  southern  Idaho.   U.  S, 
Dept.  Agr.  Cir.  808,  34  pp.,  illus. 

PECHANEC,  JOSEPH.,  ET  AL. 

1944.   Eradication  of  big  sagebrush  (Artemisia  tridentata) . 

Research  Paper  No.  10,  23  pp.,  processed!  {!'.    Perry 
Plummer,  Joseph  H.  Robertson,  and  A.  C.  Hull,  Jr.) 

PICKFORD,  G.  D.,  and  GEORGE  STEWART 

*1935.    Coordinate  method  of  mapping  low  shrubs.   Ecology  16(2): 
257-261,  illus. 

PLUMMER.  A.  PERRY 

*1943.    The  germination  and  early  seedling  development  of  12 
important  range  grasses,   Amer.  Soc.  Agron.  Jour. 
35(1) :19-34. 

-27- 


PLUMMBR,  A.  PBRRY  (Cent.) 

1944.    Experiment  shows  value  of  crested  wheatgrass  and  rye  for 
spring  and  fall  pasturage.   Research  Paper  No.  9,  6  pp. 

Mimeo . 

1946.   Mountain  bromegrass--good  for  seeding  mountain  ranges. 
Natl,  n'ool  Grower  36(5)  :14. 

*1947.    M<l^e  Utah  ranges  yroductiva.   Artificial  seeding  of  range 
lanus  will  help  protect  cbe  livestock  industry  of  our 
sta-ce.   U-ah  Farmer  S7(l)-.26.  G^'i  (Z)  :10  ,    £3. 

*1949.   Kochia- -ornamental  garden  plant  'li^r.iE   gucd  forage.   Live- 
stock lik3  it.   Utah  7ar,nor  6S',j.£;  :10.  84,  25. 

*1949.   Ephraim  gras?  tcur  sees  range  rosesding.   In  Deseret  News 
(Farm  and  Cardan  Section)  July  3. 

PLUI1.IMER,    A.    PERRY .    a nd  J.    M.    F5NLSY 

1950.    Seasonal  periods  for  planting  grasses  in  the  subalpine 
zone  of  central  Utah.   Rerearch  Paper  No.  18,  12  pp. 

MiT.eo. 

PLUMMER,  A.  PERRY,  and  NSIL  C.  FRISCHKNBCHT 

1952.    Increasing  field  stands  of  Indian  ricegrass.   Agron  Jour. 
44(6) :285-289. 

PLUMMER,  A.  PERRY,  RICHARD  M.  HURD,  and  C.  K.  PEARSE 

1943.  How  to  reseed  Utah  range  lands.   Research  Paper  No.  1, 

22  pp.,  processed. 

PLUMlvlBR,  A.  PERRY,  and  GEORGE  STEWART 

1944.  Seeding  grass  on  deteriorated  aspen  range.   Research 

Paper  No.  11,  6  pp.   Mimeo. 

PRICE,  RAYMOND 

1938.    Artificial  reseeding  on  oak-brush  range  in  central  Utah. 
U.  S.  Dept.  Agr.  Cir.  458,  illus. 

PRICE,  RAYMOND,  KENNETH  PARKER,  and  A.  C.  HULL,  JR. 

*1948.    Improvement  through  reseeding.   U.  S.  Dept.  Agr.  Yearbook 
pp.  564-568. 


-28- 


ROBERTSON,  JOSEPH  H. 

•1933.    Effect  of  frequent  clipping  on  the  development  of  certain 
grass  seedlings.   Plant  Physiol.  8(3) -.425-447. 

♦1939.    A  quantitative  study  of  true  prairie  vegetation  after  3 
years  of  extreme  drought.   Ecol.  Monog.  9(4) :431-492. 

*1943.    Seasonal  development  of  roots  of  sagebrush  (Artemisia 
tridentata  Nutt.)  in  relation  to  range  reseeding. 
Ecology  24(1) -.125-126. 

1944.  An  efficient  method  of  broadcasting  range  grass  seed. 

Research  Paper  No.  8,  3  pp.   Mimeo. 

*1944.    Sagebrush  destroyer.   Implement  and  Tractor  59(13) :14-15 . 

1945.  Range  reseeding.   Natl.  Wool  Grower  35(6)  :14,  illus. 

1947.    Responses  of  range  grasses  to  different  intensities  of 

competition  with  sagebrush  (Artemisia  tridentata  Nutt.). 
Ecology  28(1)  :1-16,  illus. 

1947.    Bluestem  wheatgrass  improves  range  forage.   Natl.  Wool 
Grower  37(6)  :20. 

1947.    Season,  date,  and  depth  of  planting  crested  wheatgrass  and 
other  grasses  at  lower  elevations  in  northern  Nevada. 
Research  Paper  No.  14,  4  pp. ,  illus.   Mimeo. 

ROBERTSON,  JOSEPH  H. .  and  C.  KENNETH  PEARSE 

1943.   How  to  roseed  Nevada  range  lands.   Research  Paper  No.  3, 
21  pp.,  illus.,  processed. 

*1945.   Artificial  reseeding  and  the  closed  community.   Northwest 
Sci.  19(3):58-66. 

1946.  Give  your  range  seedlings  a  chance — reduce  sagebrush  and 

cheatgrass.   Amer.  Cattle  Prod.  27(12)  :12,  13. 

ROBERTSON,  JOSEPH  H.,  and  A.  PERRY  PLUMMER 

1946.    Hints  for  use  of  the  wheatland-type  plows  for  brush 

eradication  in  connection  with  range  reseeding.   Research 
Paper  No.  13,  7  pp.   Mimeo. 


-29- 


ROBBRTSOIJ,  JOSEPH  H.  ,  and  H.  LLOYD  WBAVBR 

*1942.    A  new  tetraploid  v/heatgrass  from  Nevada.   Torrey  Bot. 
Club  Bui.  69(6):434-437,  illus. 

ROBERTSON,  JOSSPH  H.  ,  J.  E.  WBAVSR,  and  R.  H.  FOYJLER 

*1940.    Changes  in  true  prairie  vegetation  during  drought  as 

determined  by  list  quadrats.   Ecology  21(3)  :357-362. 

SAMPSON,  A.  W. 

*1912.    The  relation  of  soil  acidity  to  plant  societies.   Soc . 
Amer.  Foresters  Proc .  7(l):51-57. 

*1913,    Range  improvement  by  deferred  and  rotation  grazing. 
U.  S.  Dept.  Agr.  Bui.  34,  16  pp.,  illus. 

*1913.   The  reseeding  of  depleted  grazing  land  to  cultivated 

forage  plants  (with  prefatory  note  by  F.  V.  Coville). 
U.  S.  Dept.  Agr.  Bui.  4,  34  pp.,  illus. 

*1913 .    Scientific  range  management.   Natl.  Wool  Grower  3(12): 
7-9,  illus. 

*1914.    Natural  revegetation  of  range  lands  based  upon  growth 

requirements  and  life  history  of  the  vegetation.   Jour. 
Agr.  Res.  3(2):93-147,  illus. 

*1914.    Distribution  and  functions  of  range  plants.   Natl.  Wool 
Grower  4(l2):20-23,  illus. 

*1915.    The  quadrat  method  as  applied  to  investigations  in 

forestry.   Nebr.  Univ.,  Forest  Club  Ann.  6:11-31,  illus 

♦1915-   Range  grasses.   Natl.  Wool  Grower  5(l2):15-18,  illus. 
1916      6(2):15-17,  illus. 

*1916.    Bluegrasses  with  a  discussion  of  chomical  analysis.   Natl, 
Wool  Grower  6  (lO)  ::>3 -25  ,  illus. 

*1916.    The  brome  grasses.   Natl.  Wool  Grower  6(3):38-40,  illus. 

*1916.    Porcupine  grass  and  Head's  grass  or  redtop.   Natl.  Wool 
Grower  6(4) :19-21,  illus. 

*1916.    The  reed  grasses  and  their  relatives.   Natl.  Wool  Grower 
6(5):19-21,  illus. 

*1916.    The  fescue  grasses.   Natl.  Wool  Grower  6(7):17-19,  illus. 


-30- 


SAMPSON,  A.  W.  (Cont.) 

*1916.    The  grama  grasses.   Natl.  IVool  Grower  6(9):S7-28,  35, 
illus. 


•1916. 
*1917. 


Poisonous  range  plants.   Natl.  Wool  Grower  6(l2):25-27. 

Important  range  plants;  their  life  history  and  forage 
value.   U.  S.  Dept.  Agr.  Bui.  545,  63  pp.,  illus. 


*1917.    Succession  as  a  factor  in  range  management.   Jour. 
Forestry  15(5)  :593-596 . 

*1918.    Climate  and  plant  growth  in  certain  vegetative  associa- 
tions.  U.  S.  Dept.  Agr.  Bui.  700,  72  pp.,  illus. 

*1919.   Effect  of  grazing  upon  aspen  reproduction.   U.  S.  Dept. 
Agr.  Bui.  741,  29  pp.,  illus. 

*1919.    Plant  succession  in  relation  to  range  management.   U.  S. 
Dept.  Agr.  Bui.  791,  76  pp.,  illus. 

*1919.    Suggestions  for  instructions  in  range  management.   Jour. 
Forestry  17(5)  :523-545. 

*1920.    Bringing  back  overgrazed  range.   Natl.  Wool  Grower  10(4) 
11-14,  illus. 


♦1920, 

*1921, 
♦1923, 


Herding  hints  from  the  changing  range.   Natl.  Wool  Grower 
10(5):21-22,  illus. 

Reseeding  the  range.   Natl.  Wool  Grower  ll(3):ll-13,  illus 

Our  native  broad-leaved  forage  plants.   Natl.  Wool  Grower 
13(5):17-19;  (6):15-17;  (7):25-28;  (9):28-31,  illus. 


SAMPSON,  A.  W. ,  and  H.  B.  MALMSTEN 

♦1926.   Grazing  periods  and  forage  pruduction  on  the  national 
forests.   U.  S.  Dept.  Agr.  Bui.  1405,  55  pp.,  illus 


SAMPSON, 


A.  W. ,  and  L.  H.  WEYL 


♦1918.    Range  preservation  and  its  relation  to  erosion  control  on 

western  grazing  lands.   U.  S.  Dept.  Agr.  Bui.  675,  35  pp., 
illus . 


-31- 


S PENCE,  LITER  B. 

1937.  Root  studies  of  important  range  plants  of  the  Boise  River 

watershed.   Jour.  Forestry  35(6) :747-754,  illus. 

STEWART.  GEORGE 

*1931.    Development  of  grazing.   Utah  Farmer  25(3): 3,  9. 

♦1935.   Plant  cover  and  forage  conditions  on  the  spring-fall  and 
winter  ranges,  largely  on  public  domain  lands  in  the 
Intermountain  region.   Utah  Juniper,  6:9-13,  illus. 

1936.   History  of  range  use.   Sen.  Doc.  199,  pp.  119-133. 

1938.  Revegetating  man-made  deserts.   Jour.  Forestry  36(9): 

853-855. 

*1941.   Historic  records  bearing  on  agricultural  and  grazing 
ecology  in  Utah.   Jour.  Forestry  39(4)  :362-375 . 

*1941.    Aridity  and  civilization.   Utah  Acad.  Sci.,  Arts  and 
Letters  Proc .  18:13. 

*1941.    Development  of  irrigation  as  a  collective  enterprise. 

Utah  Acad.  Sci.,  Arts  and  Letters  Proc.  18:4.   (Abstract) 

*1941.  Preservation  of  soil  strongly  influences  forage  production 
and  reseeding  on  Intermountain  ranges.  Utah  Acad.  Sci., 
Arts  and  Letters  Proc.  19:3. 


*1943 


Contributions  of  forest  land  to  settlement  in  Utah, 
Acad.  Sci.,  Arts  and  Letters  Proc.  20:25. 


Utah 


♦1943 


►1943 


♦1944. 


♦1945. 


»1945. 


Land  reclamation.   In  Development  of  collective  enterprise. 
Univ.  of  Kans.  Press.   Chap.  8,  pp.  96-115. 

Present  status  of  research  information  on  range  reseeding. 
Utah  Acad.  Sci.,  Arts  and  Letters  Proc.  21:17-19. 
(Abstract) 

Smooth  bromegrass  for  reseeding.   Natl.  Wool  Grower 
34(11) :13. 

Range  reseeding  and  grazing  use  of  reseeded  lands  in  Utah. 
Utah  Acad.  Sci.,  Arts  and  Letters  Proc.  22:10.   1944-45. 

The  establishment  and  early  management  of  sown  pastures 
Intermountain  region  and  South  Pacific  coast.   Imperial 
Bur.  of  Pastures  and  Forage  Crops,  Aberyswyth  Gt.  Brit. 
Bui.  34:180-195. 


-32' 


STEWART,  GEORGS  (Cont.) 


*1947. 
*1947. 

1947. 

1948. 

1948. 
♦1948. 
*1949. 
*1950. 
*1950. 

*1951. 

*1951. 

1951. 


Increasing  forage  by  range  reseeding.   Natl.  Wool  Grower 
37(1)  :17-19,  52. 

Range  lands:   a  great  resource  in  Alberta.   Improvement 
Era  50(3) :146-147,  177,  illus. 

Tall  oatgrass  for  range  reseeding.   Natl.  Wool  Grower 
37(11)  :14,  35. 

Grass  and  water  keep  the  keys.   (The  mountain  region.) 
U.  S.  Dept.  Agr.  Yearbook,  pp.  541-543. 

Pastures  and  natural  meadows.   (The  mountain  region.) 
U.  S.  Dept.  .A.gr.  Yearbook,  pp.  543-548. 

Reseeding  means  more  forage  for  range  lands.   Utah  10(9) 
18-21,  30-33. 

Range  reseeding  by  airplane  as  compared  v/ith  standard 
ground  methods.   Agron  Jour.  41(7) :283-288. 

Reseeding  research  in  the  Intermountain  region.   Jour. 
Range  Mangt.  3(l):52-59. 

Building  up  the  plant  cover  of  the  Colorado  Basin.   In 
Proc .  of  the  Sedimentation  Conf.  Paper  1.   Pacific 
Southwest  Fed.  Inter-Agency  Tech.  Com.   11  pp.   Mimeo. 


Healthy  ranges  resist  halogeton. 

Healthy  ranges  resist  halogeton. 

Looking  ahead  in  range  reseeding, 
729-731. 


Utah  Farmer  7l(l)  :3. 
Idaho  Farmer  69(1) :4. 
Jour.  Forestry  49(l0) 


STEWART,  GEORGE,  and  IRA  CLARK 

*1944.    Effect  of  prolonged  spring  grazing  on  yield  and  quality 
of  forage  from  wild-hay  meadows.   Amer.  Soc .  Agron. 
Jour.  36(3)  :238-248. 

*1944.    Prolonged  spring  grazing  of  wild  hay  meadows  increases 
forage  production.   Amer.  Cattle  Prod.  26(l):14-16. 

STEWART,  GEORGE,  W.  P.  COTTAM.  and  SELAR  S.  HUTCHINGS 

*1940.    Influence  of  unrestricted  grazing  on  northern  salt  desert 
plant  associations  in  western  Utah.   Jour.  Agr.  Res. 
60(5)  :289-316. 


-33- 


STBIAfART,  GEORGE,  and  C.  L.  FORSLING 

*1931,    Surface  runoff  and  erosion  in  relation  to  soil  and  plant 
cover  on  high  grazing  lands  of  central  Utah.   Amer. 
Soc.  Agron.  Jour.  23 (10): 81 5 -832. 

STEWART.  GEORGE,  and  A.  C.  HULL,  JR. 

*1949.   Cheatgrass  (Bromus  tectorum  L.)--an  ecologic  intruder 
in  southern  Idaho.   Ecology  30(l):58-74. 

STEWART,  GEORGE,  and  S.  S.  HUTCHINGS 

1936.   The  point-observation- plot  (square-foot  density)  method 
of  vegetation  survey.   Amer.  Soc.  Agron.  Jour.  28(9): 
714-722. 

*1944.   Winter-range  research  at  the  Desert  Branch  Experiment 

Range.   Utah  Agr.  Expt.  St a..  Farm  and  Home  Sci.  5(l) : 
6-8. 

STEWART.  GEORGE,  and  WESLEY  KELLER 

♦1936.   A  correlation  method  for  ecology  as  exemplified  by  studies 
of  native  desert  vegetation.   Ecology  17(3) :500-514. 

1948.    Improvement  through  reseeding.   U.  S.  Dept.  Agr.  Yearbook 
pp.  564-568. 

STEWART.  GEORGE,  W.  G.  KOOGLER.  and  W.  R.  CHAPLINB 

1936.   Private  ownership — land  and  livestock.   In  U.  S.  Forest 

Service,  The  Uestern  Range.   U.  S.  Cong.  74th,  2d  sess.. 
S.  Doc.  199.  pp.  483-499. 

STEWART.  GEORGE,  and  OTHERS 

1936.   The  management  of  range  lands.   In  U.  S.  Forest  Service, 
The  Western  Range.   U.  S.  Cong.  74th,  2d  sess.,  S.  Doc. 
199,  pp.  501-522.   (L.  F.  Watts,  Charles  Connaughton, 
L.  J.  Palmer,  and  U.    W.  Talbot) 

*1938.    Range  conditions  in  Uinta  Basin,  Utah.   Utah  Agr.  Expt. 
Sta.  Bui.  283,  34  pp.,  ilirs.  (L.  A.  Stoddart,  P.  B. 
Lister,  T.  Dean  Phinney,  and  L.  W.  Larson) 

*1944.    The  history  of  western  range  research,  i-^gr .    Hist.  18: 
127-143. 
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STOWART,  GEORGE,  and  OTHERS  (Cont.) 

1950.  Recommendations  for  range  seeding  in  Utah.   Utah  State 

Agr.  Col.  Ext.  Serv.  Ext.  Bui.  193,  4  pp.   (L.  A. 
Stoddart,  Wayne  Cook,  Harold  J.  Burback,  Joseph  Libby, 
and  R.  L.  Wrigley) 

1951.  Recommendations  for  Range  Reseeding  in  Utah.   Utah  State 

Agr.  Col.  Ext.  Serv.  Ext.  Bui.  212,  12  pp.,  illus. 

(L.  a.  Stoddart,  Harold  J.  Burback,  J.  A.  Libby,  R.  L. 

Wrigley,  D.  M.  Gaufin,  and  Robert  A.  Roundy) 

STEWART,  GEORGE,  and  C.  K.  PEARSE 

*1940.    Reseeding  undertaking  vital  to  West's  welfare:   cost  less 
than  |6  an  acre.   Ogden  Standard  Examiner  Feb.  4. 
(Indus .  Prog.  No. ) 

STEWART,  GEORGE,  and  A.  PERRY  PLUMPER 

1947.    Reseeding  range  lands  by  airplane  in  Utah.   Utah  Acad. 
Sci.,  Arts  and  Letters  Proc .  24:35-39. 

STEWART,  GEORGE,  M.  W.  TALBOT,  and  L.  C.  HURTT 

1936.    A  tentative  recommendation  of  technic  for  grazing  experi- 
ments on  range  pastures  in  arid  or  semiarid  regions. 
Amer.  Soc.  Agron.  Jour.  28(l):81-83. 

STEWART,  GEORGE,  R.  H.  WALKER,  and  RAYMOND  PRICE 

1939.   Reseeding  range  lands  of  the  Intermountain  region.   U.  S. 
Dept.  Agr.  Farmers'  Bui.   1823,  25  pp.,  illus. 

STEWART,  GEORGE,  and  JOHN  A.  WIDTSOE 

1943.   Contribution  of  forest  land  resources  to  the  settlement 
and  development  of  the  Mormon-occupied  West.   Jour. 
Forestry  41(9) :633-640. 

STEWART,  GEORGE,  and  A.  B.  YOUNG 


*1939.    The  hazard  of  basing  permanent  grazing  capacity  on  Bromus 
tectorum.   Amer.  Soc.  Agron.  Jour.  31(12)  :1002-1015 . 


-35- 


1/ 

(STODDART,  L.  A.),    end  OTHERS 

1951.    The  halogeton  problem  in  Utah.   Utah  State  Agr.  Col.  Ext. 
Bui.  250.   12  pp.,  illus.   (Glen  T.  Baird,  George 
Stewart,  Ben  S.  Markhaoi,  and  Ho\-,'ard  Clegg) 

1951.    The  halogeton  problem  on  Utah's  ranges.   Jour.  Range 

Ivlangt.  4(4)  :223-227.   (Howard  Clegg,  Ben  S.  Markham, 
and  George  Stewart) 

STORM,  E.  V. 


*1920.    Salting  on  the  forest  range.   Producer  l(9):12. 

TAYLOR,  M.  H.,  and  J.  F.  PBCHAHEC 

1947.    The  stump- jump  plow  for  sagebrush  land.   West.  Livestock 
Jour.  53(5)  :35,  105,  109. 

WATTS,  L.  F. ,  and  OTHERS 

*1936.   The  management  of  range  lands,  _In  U.  S.  Forest  Service, 
The  Western  Range.   U.  S.  Cong.  74th,  2d  sess.,  S.  Doc. 
199,  pp.  501-522,  illus.   (George  Stev/art,  C.  A. 
Connaughton,  L.  J.  Palmer,  and  Ivl.  W.  Talbot) 

VtfOOLLBY,  SAMUEL  B. 

*1936.    Root  systems  of  important  range  plants  of  the  Boise  River 
watershed.   U.  S.  Forest  Service  Intermountain  Forest 
and  Range  Bxpt.  Sta.   (Typewritten) 


1/   Parentheses  indicate  senior  author  is  not  Forest  Service  employee 
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IV.   WILDLIFE  MANAGEMENT 

COSTIjEY,    R.   J.,    and   OTHERS 

1948,   Wildlife,  a  resource  of  the  range.   U.  S.  Dept.  Agr. 

Yearbook,  pp.  243-248.   (P.  F.  Allen,  Odell  Julander, 
and  D.  I.  Rasmussen) 

JULANDER,  ODELL 

1951.  Utah's  big  game,  livestock,  and  range  relationship 

research  project.   Jour.  Range  Mangt .  4(5) :330-334. 

1952.  Forage  habits  of  mule  deer  during  the  late  fall  as 

measured  by  stomach  content  analyses.   Research  Note 
No.  2,  5  pp.   Mimeo. 

JULANDER,  ODELL,  ET  AL. 

*1950.    A  r-eview  of  Utah's  big  game,  livestock  and  range  relation- 
ship problems.   Research  Paper  No.  24.  53  pp.   Mimeo. 

1951.    Range  for  big  game  and  livestock  in  Utah.   Utah  State  Fish 
and  Game  Dept.  Pub.  No.  2,  24  pp.,  illus.   (D.  M.  Gaufin, 
Arthur  D.  Smith,  and  W.  Leslie  Robinette) 

JULANDER,  ODELL,  and  W.  LESLIE  RQBINETTB 

•1950.    Deer  and  cattle  range  relationships  on  Oak  Creek  range  in 
Utah.   Jour.  Forestry  48(6) :410-415 . 

*1951.    Deer — harvest  or  starve  them?   Utah  Fish  and  Game  Bui. 
8(8):3-5,  7. 

LOCKE,  S.  B. 


♦1930.    The  study  of  big  game  ranges.   Ecology  11(4) :770. 

*1931.    Wild-life  management.  Amer.  Natl.  Livestock  Assoc.  Proc . 
1930.   pp.  50-57. 

MANN,  W.  G. ,  and  S.  B.  LOCKE 

*1931 .    History  of  the  Kaibab  deer.   U.  S.  Forest  Service  Inter- 
mountain  Forest  and  Range  Expt.  Sta.  report.   Mimeo. 
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1/ 

(ROBINflTTE,  W.  L.),   end  OTHERS 

1952.    Winter  mortality  of  mule  deer  in  Utah  in  relation  to  range 
condition.   Jour.  Wildlife  Mangt .  16(3)  :289-299 . 
(Odell  Julander,  Jay  S.  Gashwiler,  and  Justin  G.  Smith) 

SMITH,  JUSTIN  G. 

*1949.    Deer  forage  observations  in  Utah.   Jour.  Wildlife  Mangt. 
13(3) :314-315. 

1952.    Food  habits  of  mule  deer  in  Utah.   Jour.  Range  Mangt. 
16(2)  :148-155. 


1/  Parenthec;es  indicate  senior  author  is  not  Forest  Service  employee 
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V.   RANGE  ECONOMICS 


LAMMI,  J.  0. 

1951.    Use  of  economic  principles  in  wild  land  management.   Jour 
Forestry  49(7) :501-502. 

PEARSE,  C.  KENNETH,  and  A.  C.  HULL,  JR. 

*1943.    Some  economic  aspects  of  reseeding  range  lands.   Jour. 
Forestry  41(5) :346-357. 

ROTH.  ARTHUR  H. .  JR.      ' 


1940- 
1942 


*1942. 
*1943. 
*1947. 


A  graphic  summary  of  grazing  in  the  public  lands  of  the 
Intermountain  region.   Mimeo. 

Part  I.   Regional  aspects  of  range  resources  and 
trends  in  range  use.   Pert  II.   Seasonal  use  rela- 
tionships of  lands  used  in  the  production  of  range 
livestock.   Part  III.   Present  use  of  the  public  land 
grazing  resources  by  size  and  type  of  livestock  enter- 
prises. 

Veal  calves  or  dairy  steers.   Utah  Farmer,  Dec.  15. 

Veal  calves  or  dairy  steers.   Occas.  Note  1.   Mimeo. 

Evaluation  of  public  range  watersheds.   West.  Farm. 
Econ.  Assoc.  Proc .  20:45-50. 


1948.   An  economic  analysis  of  public  grazing  problems  in 

central  Utah.   Research  Paper  No.  15,  28  pp.   Mimeo. 

*1948.   Needed:   a  method  of  western  mountain  land  valuation. 
Land  Econ.  24(2) :181-185. 

ROTH,  ARTHUR  H. .  JR.,  and  A.  PERRY  PLUMMBR 

1942.    Increasing  livestock  production  and  profits  by  developing 
good  spring  range.   Technical  Note  No.  2.   Mimeo. 

SAUNDERSON,  M.  H. 

*1938.    Land  values  and  land  charges  for  range  livestock  produc- 
tion.  Natl.  Wool  Grower  28(12)  :19-20 . 

*1938.    Research  problems  in  utilization  of  western  range  lands. 
U.  S.  Forest  Service  Intermountain  Forest  and  Range 
Expt.  Sta.   Mimeo, 
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SAUNDSRSON,  M.  H.  (Cont.) 
*1938. 


*1938, 


^1939. 


♦1939. 
*1939. 

*1939. 

*1940. 

*1940. 

*1940. 

*1940. 
*1941. 

♦1941. 

*1942. 


Problems  of  economic  research  in  the  use  and  management 
of  western  grazing  lands.   West.  Farm.  Econ.  Assoc. 
Proc.  11:111-116. 

Economic  relationships  of  public  lands  and  privately 
owned  grazing  lands  in  the  western  states.   Jour.  Farm 
Econ.  20(4) :841-853. 

A  comparison  of  costs  of  trucking  and  trailing  lambs  from 
summer  range  to  shipping  point.   U.  S.  Forest  Service 
Intermountain  Forest  and  Range  Expt.  Sta.   2  pp. 
Mimeo. 

Room  on  the  range.   Land  Policy  Review  2(4):27-29. 

Some  economic  aspects  of  the  upland  watershed  lands  of 
the  western  United  States.   Jour.  Land  and  Pub.  Util. 
Econ.  15(4):480-482. 


Land  cost  and  investment  standards 
pp.  5-7. 


Amer.  Cattle  Prod 


Land  costs  and  investment  standards  for  Intermountain 
sheep  ranch  operations.   Natl.  Wool  Grower  30(4):11-13. 

Some  economic  aspects  of  western  range-land  conservation. 
Jour.  Land  and  Pub.  Util.  Econ.  16(2) :222-229. 

A  comparison  of  Idaho  and  Utah  range  sheep  operations. 
Natl.  Wool  Grower.   Nov. 

Western  wild  lands.   Land  Policy  Review  3(8):31-33. 

Economic  aspects  of  western  grazing  land  conservation 
Mont.  Acad.  Sci.  Proc.  I,  pp.  13-25. 

A  basis  for  taxation  of  grazing  lands.   Natl.  Wool  Grower 
31(6)  :19-21. 

Idaho  national  forests  and  the  sheep  industry  of  southern 
Idaho.   Idaho  Forester  24:10-12. 


1942.    Cattle  production  and  marketing  in  the  West.   Amer, 
Cattle  Prod.  23(l0):3-4,  illus. 


-40- 


SAUNDERSON,  U.    H.,  and  C  S.  FAVRB 

1939.    Some  economic  aspects  of  the  size  of  range  livestock 
enterprises  and  the  size  of  grazing  permits  on  the 
public  lands  of  the  Intermountain  region.   U.  3. 
Forest  Service  Intermountain  Forest  and  Range  Expt. 
Sta.  report.   11  pp.   Mimeo. 

SAUNDERSON,  M.  H. ,  and  T.  DEAN  PHINNEY 

*1938.   The  economics  of  early  lamb  production  by  farm  flock 
operators.   Utah  Farmer,  December  10. 

SAUNDERSON.  M.  H. .  and  ARTHUR  H.  ROTH,  JR. 

*1938.    Financial  results  in  fattening  cattle.   Amer .  Cattle 
Prod.  20(7)  :l-3. 

STEWART,  GEORGE 


*1935.    Plant  cover  and  forage  conditions  on  spring-fall  and 

winter  ranges,  largely  on  public  domain  lands  in  the 
Intermountain  region.   Utah  Juniper  6:9-13,  illus. 

STEWART.  GEORGE,  W.  G.  KOQGLER,  and  W.  R.  CHAPLINB 

*1936,    Private  ownership — land  and  livestock.   In  U.  S.  Forest 

Service,  The  Western  Range.   U.  S.  Cong.  74th,  2d  sess., 
S.  Doc.  199,  pp.  483-499. 

WHITE.  HENRY  GILBERT 

*1950.    Forest  ownership  research  in  historical  perspective. 
Jour.  Forestry  48(4)  :261-264. 
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VI.   MISCELLANEOUS 

BAILEY,  REED  W. 

*1948.    Forest  and  range  research  in  Utah  and  the  Intermountain 
region.   Utah  10(9)  :6-7,  24. 

BAILEY,  REED  W.  ,  and  W.  C.  LOWDEF^^dlLK 

*1946.   A  look  at  Parioutin.   Soil  Conserv.  11(12)  :280-288,  illus 

CURTIS,  JAMES  P.,  and  PACKER,  PAUL  E. 

1951.    The  ranch  that  blocked  a  highway.   Land  10:171-175. 


ELLISON.  LINCOLN 

*1942.   Trends  of  forest  recreation  in  the  United  States.  Jour. 
Forestry  40(8) :630-638. 

*1947.   Report  of  meeting,  Division  of  Range  Management.   In 
Proc .  Soc .  Amer.  Foresters,  p.  249. 

*1951.    (Book  review.   Of  men  and  mountains  by  W.  0.  Douglas, 
author)  Jour.  Range  Mangt .  4(l):56-57. 

FENLEY,  JOHN  M. 


*1948.   The  forestry  program  of  Biarritz  American  University, 
France.   Jour.  Forestry  46(5)  :368-371 . 

*1948.    Sand  dune  control  in  Les  Landes,  France.   Jour.  Forestry 
46(7):514-519. 

FORSLING,  C.  L. 

*1930.    Research  needs  in  the  Intermountain  region.   Utah  Juniper 
1(1)  :9-13. 

ISRAELS ON,  MARGUERITE  A. 

*1932.    Index  for  general  classification  of  forestry  literature, 
compiled  by  C.  F.  Korstian,  A.  B.  Recknagel,  and  John 
M.  Briscoe.   U.  S.  Forest  Service,  Washington,  D.  C, 
33  pp.   Mimeo. 

JULANDBR,  ODELL 

*1952.    (Book  review:   American  wildlife  and  plants,  by  Martin 
et  al.)   Jour.  Range  Mangt.  5(3) :164-165 . 
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MAKI.  T.  E. 

♦1939.   Revievv-  of  "Behold  our  land''  by  Russell  Lord.   Jour. 
Forestry  37(5) :430-432. 

*1939.   Review  of  "To  hold  this  soil"  by  Russell  Lord.   Jour. 
Forestry  37(5) :430-432. 

RENNER,  F.  G. ,  and  OTHERS 

*1938.    A  selected  bibliography  on  management  of  western  ranges, 
livestock,  and  wildlife.   U.  S.  Dept.  Agr.  Misc.  Pub. 
-.281,  468  pp.   (Edward  C.  Crafts,  Theo  C.  Hartman, 
and  Lincoln  Ellison) 

SAMPSON,  A.  W. 


*1918.   The  Great  Basin  Experiment  Station.   Natl.  Wool  Grower 
8(4):19-21,  illus. 

*1919.    Suggestions  for  instruction  in  range  management.   Jour. 
Forestry  17(5) :523-545. 


(SNOW.  EDNA),l/and  GEORGE  STEWART 


1939.    A  preliminary  report  of  the  algae  of  Mirror  Lake.   Utah 
Acad.  Sci.,  Arts  and  Letters  Proc .  16:113-115. 

STATION  STAFF 

*1938.   Graphic  instruments  in  the  study  of  runoff  and  erosion. 
Graphic  routes  to  greater  projects.   Esterline-Angus 
Co.   pp.  295-297,  illus. 

STEWART,  GEORGE 

*1940.   Forest  Service  range  research  seminar.   Amer.  Soc.  Agron. 
Jour.  32(3) :235-238. 

*1947.    Livestock  in  Weber  County... A  centennial  episode  of  Utah's 
livestock  industry.   Utah  Farmer  67(2)  :9,  17. 

*1947.    Utah's  biological  heritage  and  the  need  for  its  conserva- 
tion.  Utah  Acad.  Sci.,  Arts  and  Letters  Proc.  25:5-22. 

*1949.    The  history  of  varieties  of  field  crops  grovm  in  Utah. 
Centennial  History  of  Utah.   1:105-108. 


l/  Parentheses  indicate  senior  author  is  not  Forest  Service  employee 


•43- 


STE'tfVART,  GEORGE  (Cont.) 

*1949.   The  history  of  the  use  of  public-land  resources  in  Utah. 
Centennial  History  of  Utah.   1:175-191. 

THORNE.  JAMES  P. 

*1941.   Physical  and  chemical  characteristics  of  two  mature  soil 
profiles  from  Cache  Valley,  Utah.   West.  Soc .  Soil  Sci, 
Abstract  of  Papers  p.  1. 

WALTERS,  J.  F.  ,  '   ,.; 

1952.    (With  the  sections)  Utah.   Jour.  Range  Mangt.  5(o): 
179-180. 


■44- 


ANNUAL  REPORTS 

Intermountain  Forest  and  Range  Experiment  Station  Staff 
Annual  Reports  1913-1952. 


2/  Earlier  reports  (1913-1929)  were  typewritten  for  in-Service  use 
only.   The  reports  from  1930-1939  were  duplicated  in  small  quan- 
tity and  the  supply  is  now  exhausted.   The  Annual  Reports  from 
1940  (except  1941)  are  available  for  distribution. 

3/  The  reports  from  1913-1918  were  issued  under  the  name  of  "Utah 
Experiment  Station;"  from  1919-1929  as  Great  9asin  Experiment 
Station;"  and  from  1930  to  date  as  "Intermountain  Forest  and 
Range  Experiment  Station." 


-45- 


PUBLICATIONS 


1956      THROUGH      196 


|JL__/A/ V  A  A/\  A/ 


tmEi 


InU 


a    Forest  ^  ]Raini|e    Experimeinit    Stat 
U„  So  DEPARTMENT   OF    AGMCULTUM 

\   Bailey,  Dirs 


®T    Noo  29 


jMiriKg    11961 


FOREWORD 


All  publications  listed  in  this  supplement  have  been  issued  by  the 
Intermountain  Station  since  1955.  Research  Paper  29  and  Supplement  1 
report  papers  published  through  1955. 

The  publications  have  been  grouped  under  the  following  general 
headings: 

Page 

General  Forestry  1 

Forest  Economics  2 

Forest  Management  k 

Forest  Protection  (Fire,  Disease,  and 

Insects)  9 

Forest  Survey  ( Phot ogramme try) 23 

Forest  Utilization  25 

Range  Management 26 

Watershed  Management  30 


Publications  marked  with  an  asterisk  (^)  are  no  longer  available. 
Copies  of  others  may  be  had  upon  request  to  the  Director,  Intermountain 
Forest  and  Range  Experiment  Station,  Ogden,  Utah,  as  long  as  supplies 
last.  Forestry  school  libraries  receive  5  copies  of  all  station  publi- 
cations. Student  requests  for  publications  required  for  class  use  should 
be  forwarded  by  the  professor  making  the  assignment. 

Publications  no  longer  available  for  distribution  may  be  consulted 
at  Department  of  Agriculture  sublibraries,  forest  school  and  agricultur- 
al college  libraries,  many  other  research  libraries  throughout  the 
country,  and  at  Forest  Service  Experiment  Stations. 


Research  Paper  29   (Suppl.)  I96I 


PUBLICATIONS 

of  the 

INTERMOUNTAIN  FOREST  AND  RANGE  EXPERIMENT  STATION 

1956  through  I96O 


Compiled  by 
Marguerite  A.  Israelson 


I.  GENERAL  FORESTRY 


BAILEY,  REED  W. 

^19^8.    Living  in  harmony  with  nature.  Utah  Ed.  Rev.  ^l(l) :  10-11, 
37-39,  illus. 


ISRAELSON,  MARGUERITE  A. 

19^6.    Publications  of  the  Intermountain  Forest  and  Range  Experiment 
Station,  19^3  through  19^5>  and  the  Northern  Rocky  Mountain 
Forest  and  Range  Experiment  Station,  19^1  through  19^1;. 
Research  Paper  29  (Supp.),  35  pp. 


KECK,  WENDELL  M. 

1956.    The  Forest  Service  answer  to  "Why  Study  English?"  6  pp. 


1956.    Checklist  for  thesis  revision.   Industrial  Science  and  Engi- 
neering 3(ii):  19-20,  22.   (Reprinted  by  U.S.  Forest  Service 
1956  as  Checklist  for  Manuscript  Revision.  For  Better  I  &  E, 
No.  11,  2  pp.) 


*1956.    Manuscript  revision.  Chemistry  in  Canada  8(12):  k'^-kh' 


^19 58 .    Critique  of  report  writing.  Training  in  inspection  for  per- 
sonnel of  the  regional  office,  national  forests,  and  Inter- 
mountain Forest  and  Range  Experiment  Station.  U.S.  Forest 
Serv.  Region  I4,  pp.  81-83. 


-^1960 .  Writing  better  inspection  reports.  Training  in  inspection 
for  personnel  of  the  regional  office  and  national  forests. 
U.S.  Forest  Serv.  Region  hi   pp«  103-108. 


^    Not  available  for  distribution. 


II.  FOREST  ECONOMICS 


DIVISION  OF  FOREST  ECONOMICS 
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,  A.  E.  SQUILLACE,  and  (R.  F.  PATTON) 
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1959.  Cleaning  to  favor  western  white  pine — its  effects  upon  com- 
position, growth,  and  potential  values.  Jour.  Forestry  57 : 
333-336. 


1959 •    Silvics  of  western  redcedar.  Misc.  Pub,  20,  17  pp.,  illus. 
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Note  67,  5  pp.,  illus. 


1959.    Dwarfmistletoe  survey  in  Coeur  d'Alene  National  Forest. 
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^1960.    Cull  factors  for  heart  rots  and  their  use  in  marking  guides, 
Seventh  West,  internatl.  Forest  Disease  Work  Conf.  Proc, 
pp.  67-72. 


,  and  DONALD  P.  GRAHAM 


i960.  Dwarfmistletoes  of  the  Intermountain  and  Northern  Rocky  Moun- 
tain Regions  and  suggestions  for  control.  Research  Paper  60, 
20+  pp.,  illus. 


,  and  JAMES  L.  MIELKE 


1959.    Western  dwarfmistletoe  on  ponderosa  pine.  U.S.  Dept.  Agr., 
Forest  Service,  Forest  Pest  Leaflet  i;0,  7  pp.,  illus. 


LEAPHART,  CHARLES  D. 

■M-1956.    Physiological  studies  of  some  fungi  associated  with  pole 
blight  of  western  white  pine.  Mycologia  1^8:  25-1^0. 


*1958.    Root  characteristics  of  western  white  pine  and  associated 
tree  species  in  a  stand  affected  with  pole  blight  of  white 
pine.  Research  Paper  ^2,  11  pp.,  illus. 

1958.    Pole  blight — how  it  may  influence  western  white  pine  manage- 
ment in  light  of  current  knowledge.   Jour.  Forestry  56:  7i;6- 
751.   (Also  published  in  the  Fifth  West,  internatl.  Forest 
Disease  Work  Conf.  Proc.  pp.  51-62.) 


•^19 59 .    Dwarfinistletoe  surveys  and  research  to  date.   ii9th  West. 
Forestry  Conf.  Proc,  1958,  pp.  35-36. 


^1959.    This  mistletoe  gives  kiss  of  death  to  trees.  West.  Conserv. 
Jour.  16(1):  hh-kl ,   illus. 
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LEAPHART,  CHARLES  D. 

1959.    Drought  damage  to  western  white  pine  and  associated  tree 
species.  Plant  Disease  Rptr.  k3'   809-813,  illus. 


I960.    A  root  stain  disease  of  eastern  white  pine.  Plant  Disease 
Rptr.  iiU:  70i|-706,  illus. 


,  and  OTIS  L.  COPELAND,  Jr. 

^1957.    Root  and  soil  relationships  associated  with  the  pole  blight 

disease  of  western  white  pine.  Soil  Sci.  Soc.  Amer.  Proc. 

21:  55l-^5i|. 


,  OTIS  L.  COPELAND,  Jr.,  and  DONALD  P.  GRAHAM 
1957 •    Pole  blight  of  western  white  pine.  U.S.  Dept.  Agr.,  Forest 
Service,  Forest  Pest  Leaflet  I6,  k   pp.,  illus. 


,  and  (LAKE  S»  GILL) 
1959.    Effects  of  inoculation  with  Leptographium  spp.  on  western 
white  pine.  Phytopathology  1^9:  350-353,  illus. 


LLOYD,  MERLE  G. 

*1959.    Air  currents  send  spores  over  ridge.  West.  Conserv.  Jour. 
16(1):  32-33,  illus. 


■^-1960 .    Microclimate  studies.  Results  to  date  and  their  practical 
application  to  control  problems  in  Region  1.  Natl.  Blister 
Rust  Control  Meeting  1959  Proc.  29:  36. 

■^■1960.    Microclimate  phases  of  blister  rust  control.   Seventh  West. 
Internatl.  Forest  Disease  Work  Conf.  Proc,  pp.  59-6i|. 


,  GLIDE  A.  O'DELL,  and  J.  H.  WELLS 


1959 •    A  study  of  spore  dispersion  by  use  of  silver-iodide 
particles.  Amer.  Met.  Soc.  Bui.  i^O:  305-309,  illus. 


MIELKE,  JAMES  L. 

*1956.    The  rust  fungus  (Cronartium  stalactiforme)  in  lodgepole 
pine.  Jour.  Forestry  5^:  518-521. 
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MIELKE,  JAMES  L. 

1956.    A  needle  cast  of  lodgepole  pine  caused  by  the  fungus 
Hypodennella  concolor.  Research  Note  27,  3  pp. 


^1957.    Aspen  leaf  blight  in  the  Intermountain  region.   Research 
Note  ]42,  5  pp. 


1957.    The  Commandra  blister  rust  in  lodgepole  pine .  Research 
Note  k6,   8  pp. 


1957.    The  yellow  witche s ' -broom  of  subalpine  fir  in  the  Intermoun- 
tain region.   Research  Note  hi,   5  pp. 


*1958.  Forestry  pathology  education:  in-Service  training.  Fifth 
West.  Internatl.  Forest  Disease  Work  Conf.  Proc,  pp.  95- 
98. 


19 59 •    Infection  experiments  with  Septogloeum  gillii,  a  fungus 

parasitic  on  dwarfmistletoe .   Jour.  Forestry  57?  925-926. 


(MILLER,  DOUGLAS  R.),  JAMES  W.  KIMMEY,  and  (MARVIN  E.  FOWLER) 

1959.    White  pine  blister  rust.  U.S.  Dept.  Agr.,  Forest  Service, 
Forest  Pest  Leaflet  36,  8  pp.,  illus. 


(SHAW,  CHARLES  GARDNER),  and  CHARLES  D.  LEAPHART 

i960.    Two  serious  foliage  diseases  of  western  white  pine  in  the 
Inland  Einpire.  Plant  Disease  Rptr.  I4I4:  655-659,  illus. 


SHEARER,  RAYMOND  C. ,  and  JAMES  L.  MIELKE 

1958.    An  annotated  list  of  the  diseases  of  western  larch. 
Research  Note  53,  6  pp. 

(WATERS,  CHAELES  W. ) 

■^1959.    Some  studies  on  Elytroderma  blight  of  ponderosa  pine.   II, 
Montana  Acad.  Sci.  Proc.  18:  7-8  (Abstract). 


■«-1960.    Significance  of  life  history  studies  of  Elytroderma 

deformans.   Seventh  West.  Internatl.  Forest  Disease  Work 
Conf.  Proc,  pp.  98-102. 
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(WOCDS,  FRANK  M.),   OTIS  L.  COPELAND,  Jr.,  and  CARL  E.  OSTROM 

■«-1957.    Soil  management  for  forest  trees.  U.S.  Dept.  Agr.  Yearbook 
1957:  710-715. 
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17.      FOREST  PEOTECTION 
INSECTS 


CAHILL,  DOM  B. 

I960.  The  relationship  of  diameter  to  height  of  attack  in  lodge- 
pole  pine  infested  by  mountain  pine  beetle.  Research  Note 
73,  h   pp. >   illus. 


(CALHOUN,  E.  L.),  H.  R.  DODGE,  and  (R.  W.  RAY) 

■K-1958.    Description  and  reading  of  Dendrophaonia  scraba  (Giglio- 
Tos)  (Diptera,  Muscidae) .   Ann.  Ent.  Soc.  Amer.  149(1): 


COLE,  WALTER  E. 

19^6.  Biological  observations  on  the  pine  butterfly  during  an 
outbreak  in  southern  Idaho,  19S3-^h'  Research  Note  29, 
8  pp.,  illus. 


1956.    Surveys  and  control  methods  of  the  pine  butterfly  during 
an  outbreak  in  southern  Idaho,  1953-514.   Research  Note 
30,  9  pp.,  illus. 


i960.    Sequential  sampling  in  spruce  budworm  control  projects. 
Forest  Sci.  6:  ^1-^9,    illus. 


DENTON,  ROBERT  E. 

1958.    The  larch  casebearer  in  Idaho — a  new  defoliator  record  for 
western  forests.  Research  Note  51,  6  pp.,  illus. 


DIVISION  OF  FOREST  INSECT  RESEARCH 

1957 •    Forest  insect  conditions  in  the  Intermountain  and  northern 
Rocky  Mountain  States  during  1956.  Misc.  Pub.  11,  6  pp., 
illus. 


1958.  Forest  insect  conditions  in  the  Intermountain  and  northern 
Rocky  Mountain  States  during  1957*  Misc.  Pub.  13,  11  pp., 
illus. 
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DIVISION  OF  FOREST  INSECT  RESEARCH 

1959.  Forest  insect  conditions  in  the  Intermcuntain  and  northern 
Rocky  Mountain  States  during  1958.  Misc.  Pub.  18,  13  pp., 
illus. 


i960.  Forest  insect  conditions  in  the  Intermcuntain  and  northern 
Rocky  Mountain  States  during  19^9.  Misc.  Pub.  23,  12  pp., 
illus. 


DODGE,  HAROLD  R. 

■J!-1956.    A  new  sarcophagid  genus  with  description  of  fifteen  new 
species  (Diptera) .  Ann.  Ent,  Soc.  Amer.  k9'   2i;2-263. 


•»-1956.    Two  new  sarcophagid  flies  from  Cuba  (Diptera).  Memo,  de 
la  Soc.  Cubana  de  Hist.  Nat.  23(l):  97-103,  illus. 


•w-19 56 .    New  North  American  Sarcophagidae,  with  some  new  synonymy 
(Diptera).  Ann.  Ent.  Soc.  Amer.  149(2):  182-190. 


1956.    Tussock  moth  threatens  timber.  West.  Conserv.  Jour.  13(1) 
36,  i40,  [i2-i;3,  1;5,  50. 


"'^19 57 .    Defoliating  insects  in  the  northern  Rocky  Mountain  in  1955- 
Northwest  Sci.  3l(l):  38-i|2,  illus. 


,  TOM  T.  TERHELL,  and  PHILIP  C.  JOHNSON 
1956.    Entomological  phases  of  the  1955  Montana  spruce  budworm 
control  project.  Misc.  Pub.  9,   20  pp.,  illus. 


FURNISS,  MALCOLM  M. 

1957.    Entomological  aspects  of  the  1955  southern  Idaho  spruce 
budworm  control  project.  Misc.  Pub.  10,  29  pp.,  illus. 


1959.    Reducing  Douglas-fir  beetle  damage — how  it  can  be  done, 
Research  Note  70,  6  pp.,  illus. 

GIBSON,  ARCHIE  L. 

1957.    Tests  of  bark-penetrating  insecticides  to  control  the 
Douglas-fir  beetle.  Jour.  Econ.  Ent.  50:  266-268. 
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JOHNSON,  PHILIP  C. 

^19^7 •  Report  on  insect  enemies  in  the  northern  Rocky  Mountain 

region.  West.  Conserv.  Jour.  li4(l):  20. 


19 5B.    Spruce  spider  mite  infestations  in  Douglas-fir  forests. 
Research  Paper  55^  lU  pp.,  illus. 


^'^-19 58.    The  forest  entomologist — forester  or  entomologist?  Jour, 
Econ.  Ent.  ^1:   2bh-2b^,    (editorial). 


*1958-.    Pests  attack  inland  timber.  West.  Conserv.  Jour.  l5(l): 
12,  56-57,  illus. 


■x-1959.  Forest  insect  research  in  the  years  ahead.  Forest  Centen- 
nial Conf.  Proc,  Oregon  State  College,  Corvallis,  Oregon, 
pp.  19-33. 


(NAGEL,  R.  H.),  DAVID  McCOMB,  and  (F.  B.  KNIGHT) 
■5!-1957.    The  trap  tree  method  for  controlling  the  Engelmann  spruce 
beetle  in  Colorado.  Jour.  Forestry  55:  89l;-898. 


PARKER,  D.  E. 

^1956.    The  effects  of  DDT  on  wildlife.   Idaho  Wildlife  Review 
8(16):  5-7. 


1959.    The  forest  pest  situation  in  the  Intermountain  area.   Soc. 
Amer.  Foresters  Proc.  1958,  pp.  60-62. 


(SCHOOF,  H.  F.,  E.  P.  SAVAGE),  and  H.  R.  DODGE 

•«-1956.    Comparative  studies  of  urban  fly  populations  in  Arizona, 
Kansas,  Michigan,  New  York,  and  West  Virginia.   II, 
Seasonal  abuiidance  of  minor  species,  Ann.  Ent.  Soc. 
Amer.  h9''   59-66. 


TERRELL,  TOM  T. 

*1959.    Budworm  down,  other  insects  up.  West.  Conserv.  Jour. 
16(1):  52-53,  69,  illus. 
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TERRELL,  TOM  T. 

1959.    Sampling  populations  of  overwintering  spruce  budworm  in 
the  northern  Rocky  Mountain  region.  Research  Note  6I, 
8  pp. ,  illus. 


} 


___^     and  ROBERT  E.  DENTON 
-^1960 .    Insect  attacks  look  less  dangerous  for  '60.  West.  Gonserv. 
Jour.  17(1):  30-31,  Ii5-i46,  illus. 


TUNNOCK,  ARCHIBALD,  Jr.,  and  (J.  A.  RUDINSKY) 

^1959*  Observations  on  the  life-cycle  of  the  balsam  woolly  aphid, 
Adelges  picea  (Ratz.)  in  the  Williamette  Valley  of  Oregon. 
Canad.  Ent.  XCI:  208-212,  illus. 


WASHBURN,  R.  I. 

1956.    Electronic  recorder  as  aid  in  aerial  insect  surveys. 
Research  Note  31 j  3  pp.,  illus. 
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V.     70REST  SURVEY 


KEWP,  PAUL  D. 

19^7 •    Regression  coefficients  for  computing  cubic-foot  volume 
of  Rocky  Mountain  trees.  Research  Paper  ItO,  12  pp. 


1957 o    A  procedure  for  converting  conventional  tree  volume  tables 
(cubic)  to  formulae.   Research  Paper  l43>  7  PP«j  illus. 


1957.    U.S.  Forest  Service  board-foot  log  scaling  standards.   In- 
Service  publication.  Ih   pp.   (Limited  distribution.) 


(MILLER,  ROBERT  L.),  and  ALVIN  K.  WILSON 

1959.    Lumber  production  in  Wyoming,  1957.  Rocky  Mountain  Forest 
and  Range  Expt.  Station,  Forest  Survey  Release  2  9  PP« j 
illus. 


,  and  ALVIN  K.  WILSON 


i960.    Sawlog  production  in  Colorado  and  Wyoming,  19^7.  Rocky 
Mountain  Forest  and  Range  Expt.  Station,  Forest  Survey 
Release  3,  6  pp.,  illus. 


MOESSNER,  KARL  E. 

1956.    Combined  vertical  and  horizontal  stereograms.  Research 
Note  36,  3  pp.,  illus. 


1956.    A  parallax  wedge  for  mountainous  areas.  Research  Note 
39,  2  pp.,  illus. 


1956.    Aerial  photo  scale-protractors  for  mountainous  areas. 
Research  Note  1|0,  7  pp.,  illus. 


■^^1957.    Preliminary  aerial  volume  tables  for  conifer  stands  in 
the  Rocky  Mountains.  Research  Paper  1|1,  17  pp.,  illus. 


1957.    How  important  is  relief  in  area  estimates  from  dot  sampl- 
ing on  aerial  photos?  Research  Paper  1^2,  16  pp.,  illus. 

*1957.    Relation  of  minimum  area  standards  to  proportions  obtained 
by  dot  samples  on  aerial  photos.  Research  Paper  kh)   13  pp., 
illus. 
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MOESSNER,  KARL  E. 

1958.    Stereograms  in  ponderosa  pine.  Research  Note  60,  3  pp., 
illus. 


1958.    Graphic  control  charts — a  possible  aid  in  photogrammetric 
training.  Photogrammetric  Eng.  2ki   6ii3-650,  illus. 


■M-1958.    Bring  the  forest  to  yoiir  desk.  Ames  Forester  k^:   16-21. 


I960.    Aerial  volume  tables  for  ponderosa  pine  type  in  the  Rocky 
Mountains.  Research  Note  76,  6  pp. 


I960.    Estimating  the  area  in  logging  roads  by  dot  sampling  on 
aerial  photos.  Research  Note  77,  I4  pp.,  illus. 


i960.    Estimating  timber  volume  by  direct  photogrammetric  methods, 
Soc.  Amer.  Foresters  Proc.  1959,  pp.  lU8-l5l. 


■»-1960.    Photo  interpretation  in  forestry.  Quantitative  charac- 
teristics. Washington,  D.  C.  American  Society  of 
Photogrammetry.  Manual  of  Photo  Interpretation.  Chap.  7j 
pp.  Ii59-i469,  illus. 


i960.    Training  handbook:  basic  techniques  in  forest  photo  inter- 
pretation. 73  pp.,  illus. 


i960.  Training  kit:  basic  techniques  in  forest  photo  interpreta- 
tion. (Available  only  from  Regional  Forester,  U.S.  Forest 
Service,  Ogden,  Utah  at  $10  each.) 

,  and  (EARL  J.  ROGERS) 


1957.    Parallax  wedge  procedures  in  forest  surveys.  Misc.  Pub.  l5, 
2k   pp.,  illus. 


WILSON,  ALVIN  K. 

1958.    Idaho  lumber  production,  1956.  Forest  Survey  Release  1, 
9  pp. 


1958.    Montana  lumber  production,  1956.  Forest  Survey  Release  2, 
8  pp. 
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VI.     FOREST  UTILIZATION 


ANDERSON,  I.  V. 

1956.    Engelmann  spruce:  its  properties,  uses,  and  production. 
Research  Paper  39 >  16  pp. 


•M-1956.    Properties,  uses,  and  production  of  Engelmann  spruce  (Picea 
engelmannii) .  Forest  Prod.  Jour.  6:  307-311. 


KOTOK,  E.  S. 

1958.    Weather  records  as  guides  to  air  drying  lumber.   Research 
Note  56,  3  pp.^  illus. 


-'S-1958.    Utilization  will  rely  upon  new  species.  West.  Conserv.  Jour. 
15(1):  22,  illus. 

^1959 »         Putting  the  handicapped  species  to  work.  Soc.  Amer.  Foresters 
Proc.  1958,  pp.  25-27. 


')^1960.    Industries  in  Mountain  States  will  accent  more  fiber  use. 
West.  Conserv.  Jour.  17(1):  29. 


LOWERI,  DAVID  P. 

I959.    Effect  of  moisture  content  on  the  power  required  to  saw 
logs.  Research  Note  62,  k   PP« 


1959.    Management  of  log  inventories.  Research  Note  63,  il  PP«, 
illus. 


1959.    Techniques  for  evaluating  log  deck  conditions.  Research 
Note  6I4,  5  pp.,  illus. 
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VII.   RANGE  MANAGEPIENT 


BASILE,  JOSEPH  V.,  and  RALPH  C.  HOLMGREN 

1957.    Seeding-depth  trials  with  bitterbrush  (Purshia  tridentata) 
in  Idaho.  Research  Paper  ^ij,  10  pp.,  illus. 


BLAISDELL,  JANES  P. 

1958. Seasonal  development  and  yield  of  native  plants  on  the 
Upper  Snake  River  Plains  and  their  relation  to  certain 
climatic  factors.   U.S.  Dept.  Agr.  Tech.  Bui.  1190,  68  pp., 
illus. 


,  and  WALTER  F.  MUEGGLER 
1956.    Effect  of  2,i;-D  on  forbs  and  shrubs  associated  with  big 
sagebrush.   Jour.  Range  Mangt.  9-  38-l|0. 


,  and  WALTER  F.  MUEGGLER 
■«-1956.    Sprouting  of  bitterbrush  (Purshia  tridentata)  following 
burning  or  top  removal.  Ecology  37''    365-370. 


ELLISON,  LINCOLN 

1957*    Grazing  standards  in  range  management.  New  Zealand  Grass- 
land Assoc.  Proc.  I8th  Gonf.,  Nov.  27-29,  19^6:  136-lii7. 

■^f-1957*    Applications  of  ecology — concluding  statement  (in  sympo- 
sium on  applications  of  ecology).  Ecology  38:  63-6I4. 


■M-1957.    A  panel  discussion  of  the  place  and  functions  of  the  divi- 
sion of  range  management  in  the  Society  of  American 
Foresters:  historical  sketch.   Jour.  Forestry:  312-313. 


1959.  Role  of  plant  succession  in  range  management.  Amer.  Assoc. 
Adv.  Sci.  1956.  Symposium  on  Grasslands,  Pub.  53,  pp.  307- 
321. 


1^1960.  Influence  of  grazing  on  plant  succession  of  rangelands. 

Bot.  Rev.  26:  1-78. 
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ELLISON,  LINCOLN,  and  WALTER  R.  HOUSTON 

1958.    Production  of  herbaceous  vegetation  in  openings  and  under 
canopies  of  western  aspen.  Ecology  39:  337-3h^3    illus. 


FRISCHKNEGHT,  NEIL  C. 

•M-1957.    Effects  of  various  grazing  treatments  on  crested  wheatgrass, 
Wash.  State  Col.  Dept.  Anim.  Husb.  Stockmen's  Handb.  19^6: 
28. 


*1957.    Managing  crested  wheatgrass  for  greatest  cattle  gains. 

Wash.  State  Col.  Dept.  Anim.  Husb.  Stockmen's  Handb.  1956: 
29-30. 


"19^ 


Effects  of  presowing  vernalization  on  survival  and  develop- 
ment of  several  grasses.   Jour.  Range  Mangt.  12:  280-286, 
illus. 


,  and  (ALVIN  T.  BLEAK) 
5-1957.    Encroachment  of  big  sagebrush  on  seeded  range  in  north- 
eastern Nevada.   Jour.  Range  Mangt.  10:  165-170. 


(HARRIS,  L.  E.,  R.  J.  RALEIGH),  N.  C.  FRISCHKNEGHT,  and  (J.  A.  BENNETT) 
*1957.    Cattle  gains  and  vegetal  changes  as  influences  by  grazing 
treatments  on  crested  wheatgrass.  West.  Sec.  Amer.  Soc. 
Animmal  Prod.  Proc.  8:li75  1-6. 


(HARRIS,  LORIN  E.),  NEIL  C.  FRISCHKNEGHT,  and  (ROBERT  J.  RALEIGH) 
*1958.    Cattle  gains  and  vegetal  changes  as  influenced  by  grazing 
treatments  on  crested  wheatgrass  over  a  ten-year  period. 
Abstr.  Jour.  Animals  Sci.  Hik)'-   1209. 


HOLMGREN,  RALPH  C. 

*1956.    Competition  between  annuals  and  young  bitterbrush  (Purshia 
tridentata)  in  Idaho.  Ecology  37:  370-377- 


,  and  JOSEPH  V.  BASILE 
■M-1956.    Range  revegtation  and  deer  on  the  Payette. 
Rev.  9(2):  10-13. 


Idaho  Wildlife 
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HOLMGREN,  RALPH  C,  and  JOSEPH  V.  BASILE 

19^9.    Improving  southern  Idaho  deer  winter  ranges  by  artificial 
revegetation.   Idaho  Fish  &  Game  Dept.  Wildlife  Bui.  3, 
61  pp.,  illus. 


HUTCHINGS,  SELAR  S. 

I95B.    Hauling  water  to  sheep  on  western  ranges, 
Leaflet  i|23,  8  pp.,  illus. 


U.S.  Dept.  Agr. 


,  and  RALPH  C.  HOLMGREN 
1959.    Interpretation  of  loop-frequency  data  as  a  measure  of  plant 
cover.  Ecology  kO:   668-677j  illus. 


,  and  MEREDITH  J.  MORRIS 
1959.    Use  of  distance  measurements  for  detennining  plant  density 
in  semidesert  vegetation.  Ninth  Interna tl.  Bot.  Cong.  Proc, 
11:  nh   (Abstract). 


JULANDER,  ODELL 

19^8,    Techniques  in  studying  competition  between  big  game  and 
livestock.  Jour.  Range  Mangt.  11:  18-21,  illus. 


,  and  (NICK  CHOURNOS) 
■w-1959.    Utah  experiments  reveal  pocket  gophers  play  ruinous  role  in 
range  reseeding.  The  Natl.  Wool  Grower  h9(7) :  17>  illus. 


,  (JESSOP  B.  LOW,  and  OWEN  W.  MORRIS) 
-;rl959.    Influence  of  pocket  gophers  on  seeded  mountain  range  in  Utah. 
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INTRODUCTION 


Lodgepole  pine  (Pinus  contort a  D0U3I . )  is  a  2-needlo  pine  of 
western  North  America  with  v/icle  distribution  and  e::tremely  variable 
grov/th  habit.   It  occurs  from  Alaska  south  to  Lo^^er  California  and 
east  to  South  Dakota.   Botanically  two  enviroiimental  forms  of  this 
pine  are  recosnized--a  mountain  form  and  a  coastal  form  1/.  This 
bibliography  is  a  compilation  of  published  and  unpublished  liter- 
ature on  both  forms  of  lodgepole  pine. 

The  different  scientific  names  for  lodgepole  pine  appearing 
in  the  literature  are  primarily  the  result  of  early  disagreement 
among  taxonomists .  The  first  technical  name  was  based  upon  the 
stunted  form  growing  along  the  lower  Pacific  slopes.  This  name, 
Pinus  contorta  Loudon,  was  first  published  in  1838.   By  various 
taxonomists  the  mountain  form  was  considered  first  a  separate 
species,  then  a  variety  of  the  coastal  form,  and  finally  an 
environmental  form  of  the  species.  This  mountain  form,  first 
described  and  named  Pinus  murrayana  Half,   in  1853,  is  also, 
therefore,  referred  to  in  the  literature  as  Pinus  contorta  var. 
murrayana  Engel.  and  Pinus  contorta  var.  latifolia  S.  i/l/ats . 
Today  the  name  Pinus  contorta  Dougl .  is  in  common  usage  for 
both  forms  of  this  species,  although  some  v/orkers  still  hold  to 
the  '"latifolia"  variety  when  spea^king  of  the  mountain  form. 

Among  the  local  names  the  following  appear  most  frequently 
in  the  literature:   "lodgepole  pine,"  "shore  pine,"  "sand  pine," 
"scrub  pine,"  "beach  pine,"  "tamarac  or  tamarack  pine,"  "pitch 
pine,"  "jack  pine,"  and  "Murray  pine." 

The  bibliography,  v/hile  not  exhaustive,  contains  all  the 
important  reference  material  readily  available  to  American  and 
Canadian  research  v/orkers  .   Some  foreign  literature  is  also 
included.   In  addition,  many  unpublished  manuscripts  and  reports 
have  been  listed  to  provide  persons  searching  for  material  with 
a  knowledge  of  some  of  the  more  recent  research  on  the  species 
and  as  an  aid  in  avoiding  duplication  when  planning  new  research. 

Subject  Index 

At  the  end  of  the  bibliography  there  is  presented  a  subject 
index.  Bach  reference  has  been  classified  and  is  recorded  by 
number  under  the  principal  subject  with  which  it  is  concerned. 
Articles  emphasizing  two  or  three  subjects  have  been  appropriately 


1/  The  m.ountain  form  is  believed  to  have  been  discovered  by  Lewis 
and  Clark  in  1805  in  the  mountains  above  the  headwaters  of  the 
Jefferson  River  in  v/estern  Montana.  The  coastal  form  is  said 
to  have  been  discovered  by  David  Douglas  in  1825  near  the  mouth 
of  the  Columbia  River  in  Washington. 


oo 


cross-roferencod.   In  no  case  does  an  article  appear  under  more 
than  three  subjects,  although  some  cover  a  broad  field.  Where  a 
reference  deals  with  many  phases  of  a  subject,  it  appears  either 
directlj''  opposite  the  main  subject  or  opposite  "General  discus- 
sions" under  the  main  subject.  Articles  from  countries  outside 
North  America  are  found  under  "Foreign  Publications." 
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176,  177,  213,  231,  402,  439 

Cones  (see  also  Seed,  collection,  extraction,  storage)  47,  52,  98 

211,  227,  264,  318,  335,  381,  386,  412 
Control  measures  (see  Damage) 

Converting  factors  195 ,  379 

Cover  types  117 ,  139 ,  206 ,  236 

Classification  3  56 ,  188 ,  354 

Distribution  ...  26,    49,  91,  110,  157,  160,  161,  219,  223,  231,  333 
Watershed  management  aspects  ....  119,  120 i  145,  298,  299,  329,  399 

428  -  431 
Cutting  methods  (see  Silviculture) 

Damage  197 

Animals  (see  Animals) 

Climate  177 ,  202 ,  293 ,  340 ,  402 

Disease  35,  56,  67,  68,  92,  115,  124,  143,  172,  228,  229,  248 

249,  274-276,  278,  295,  300,  316,  355,  372,  421 
Fire  (see  Fire) 

Mistletoe  117 ,  306 ,  416  -  420 

Defect  (see  Damage) 

Dendrology  74,  65,  107,  111,  133,  144,  157,  165,  222,  346,  352,  367 

General  discussions  (including  popularized  articles)  ...  11,  15,  22 
27a,  37,  60,  83,  137,  164,  178,  179,  182,  244,  247,  314,  377 
385. 

Classification  50 

Distribution  (see  Cover  type) 

Ecological  factors  117,  140,  219,  220,  236,  251,  333,  350,  356 

Biotic  ...  2,  35,  56,  67,  68,  92,  143,  169,  171,  172,  203,  228,  229 

276,  278,  295,  306,  343,  344,  355,  365,  372,  416-  420 

Climatic  48,  177,  2;)1,  404 

Light  51 ,  55 ,  426 

Temperature  54,  153,  176,  202,  213,  313,  340,  402 

Water  329,  341 

Edaphic  ...  26,    49,  121,  198,  208,  257,  370,  371,  381-383,  414,  427 

Fire  21,  63,  89,  95,  325,  361 

Results  of 

Competition  39,  290,  401 

Succession  44,  46,  71,  127,  158-162,  230,  250,  287,  291 

292,  336,  338 

Experimental  forests  409 
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Item 

Fire  (see  also  Ecological  factors,  and  Damage) 

Effects  ...  63,  89,  95,  127,  141,  230,  250,  305,  315,  325,  356,  361 

382,  383,  401,  408 

Slash  disposal  21 ,  64 ,  66 ,  79 ,  270 

Foreign  publications  (outside  North  America)  2,  31,  32,  7il ,    58,  94 

113,  118,  123,  126,  133,  135,  137,  144,  151,  152,  174,  178,179 
182,  202,  206,  207,  228,  244,  246,  247,  249,  253,  254,  259-261 

279,  295-297,  320,  325,  326,  334,  349,  350,  363,  368,  377,  384 
436,  437. 
Forest  management  (see  Management) 
Forest  resources  (see  Resources) 

Genetics 403 

Breeding  27 ,  337 ,  368 

Natural  hybrids  288 

Growth  (see  also  Silviculture,  and  Yield  tables)  .  82,  84,  134,  138,  163 

Bark  309 

Diameter  100 ,  209 

Height  73 

Response  to  cutting  ....  30,  108,  193,  194,  290,  327,  373,  374,  394 

400,  406 

Root  140 ,  321-323 

Seedling  51 ,  55 ,  308 ,  403 

Insects  (see  also  Ecological  factors,  and  Animals)  58,  256 

General  discussions 17,  136,  188,  189,  216,  303 

Bark  beetles  18,  57,  99,  128-131,  184,  187,  190,  191,  215 

243,  252,  271,  313,  343,  345,  376 

Defoliators  42,  81,  118,  142,  176,  185,  186,  258,  311,  312 

357-360,  440,  441 

Stem  moths  80 ,  272 

Stem  weevils  27 ,  192 ,  344 

Light  (see  Ecological  factors) 
Logging  (see  Utilization) 
Lumber  (see  Utilization) 

Management,  forest  (see  also  Watershed  management) 

General  discussions  45,  132,  226,  267-269,  310,  369,  375 

Regional  guides  235 ,  289 

Watershed  management  aspects  (see  Cover  type) 

Marking,  practices  (see  Silviculture) 

Mortality  108,  141,  293,  339,  404,  406 

Naval  stores  (see  Utilization) 

Pathology  (see  Damage,  and  Insects) 

Paper  (see  Utilisation) 

Physiology  (see  also  Ecological  factors ,  and  Seed) 48,  329 

Intake  of  materials  341 ,  414 

Roots  169 ,  321-323 

Transpiration  140 ,  340 ,  341 
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Itoni 

Planting  and  seeding  (see  Silviculture,  Afforestation,  and 

Reforestation) 
Properties  (jee  Wood  technology) 
Protection  (see  Damage) 
Pulpwood  and  pulp  (see  Utilization) 

Reforestation  (see  also  Silviculture  121,  174,  212,  224,  302,  315 

Regeneration  (see  Silviculture) 
Resources,  forest 

Economic  and  social  aspects  168,  173,  201,  263,  294,  319,  331 

342,  369,  410,  439 

Statistics  7,  9,  84,  134,  148,  183,  204,  434 

Rodents  (see  Animals) 

Root  (see  Growth,  and  Physiology) 

Sampling 

Insect  population  360 

Logs  in  scaling  238 ,  239 

Trees  and  stands  116 ,  240 ,  286 

Seed 47,  52,  227,349,  381,  397,  437 

Collection  98,  264,  318,  412 

Dissemination  353 ,  407 

Extraction  and  cleaning  • 335 

Germination  123,  141,  153,  211,  213,  251,  277,  301,  348,  401 

Production 336 

Storage  277 ,  348 ,  378 

Silviculture 

General  discussions  40,  41,  45,  65,  70,  93,  122,  180,  189 

233-235,  242,  261,  267,  269,  310,  369,  375,  423 

Marking  practices  149,  154,  366,  374,  387,  389,  390, 


392, 

395 

421 

362, 

396 

79, 

103 

Reproduction  methods 

Clear-cutting  181,  241, 

Natural  regeneration  53,  64,  66 

Artificial  regeneration  302 

Seeding  339 ,  404 

Planting  27 

Selection  cutting  149 

Intermediate  cutting 

Thinning  30,  101,  104,  106,  125,  145,  217,  218,  225 

308,  327,  364,  393,  394,  399,  438 

Slash  disposal  21,  53,  64,  66,  79,  203,  225,  270 

Site  quality,  Site  index  210,  307,  411,  413 

Slash  disposal  (see  Fire,  and  Silviculture) 
Soil  (see  Ecological  factors) 
Statistics  (see  Resources) 

Stocking  13 ,  217 ,  305 ,  308 ,  438 

Succession  (see  Ecological  factors) 
Survey,  forest  (see  Resources) 
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Item 

Type  (see  Cover  type) 

Utilization 

General  disoussions  10,  14,  20,  33,  38,  82,  102,  112,  155 

221,  262,  268,  424 

By-products  167 

Charcoal  19 

Christmas  trees  105 

Extracted  products  351 

Naval  stores  59 

Logging  114 ,  208 ,  380 

Lumber  28 ,  34 

Mine  timbers  62 

Paper  317 

Poles  1,  3,  4,  6-9,  16,  23,  24,  61,  87,  88,  148,  170,  195 

200,  201,  245,  273,  280,  286,  304,  379,  435 

Posts  12 ,  109 ,  147 ,  ^81  -  285 

Pulpwood  and  pulp  255,  265,  266,  331,  347,  350,  398,  422 

Seasoning  36,  70,  273,  405 

Secondary  wood  products  90,  146 

Specifications  23,  28,  87,  195 

Ties  139,  175,  330,  432-434 

Waste  5 ,  166 ,  265 ,  266 

Wood  preservation  3,  4,  24,  87,  88,  97,  109,  147,  150,  170 

200,  232,  280-285,  304,  415,  425,  435 

Volume  tables  25 ,  43 ,  72 ,  214 ,  388 ,  391 ,  442 

Board  foot  122,  237,  328,  411,  413 

Cubic  foot  196 

Watershed  management  (see  also  Cover  type,  and  Management) 

Soil  stability  383 

Water  yield  119,  120,  298,  299,  382,  393,  399,  428-431 

Wildlife  (see  Animals) 

Windthrow  (see  Damage) 

Wood  preservation  (see  Utilization) 

Wood  technology  60 ,  76 ,  77 ,  86 

Chemistry  of  wood  and  tree  products  31,  32,  59,  126,  167 

199,  205,  246,  351 

Structure  and  properties 36 ,  69 ,  75 ,  146 ,  150 ,  152 ,  220 

Timber  mechanics  1 ,  61 ,  332 

Yield  tables 72,  122,  193 


-57- 


RESEARCH  PAPER  NO.  31  (Rev.) 


JULY  1955 


STATISTICS  ON  WESTERN  WILD  LAND  RESOURCES 


Compiled  by  J.  0.  Lammi 
Division  of  Forest  Economics 


INTERMDUNTAIN  FOREST  AND  RANGE  EXPERIMENT  STATION 
FOREST  SERVICE 
U.  S.  DEPARTMENT  OF  AGRICULTURE 


Ogden,  Utah 


STATISTICS  ON  WESTERN  WIID  MNP  RESOURCES 

Compiled  by  J.  0.  Lammi 
Division  of  Forest  Economics 


These  statistics  were  compiled  to  make  available  in  convenient 
form,  facts  which  usually  appear  only  in  scattered  publications  and 
agency  files.  This  paper  revises  and  brings  to  date  the  tabulations 
which  appeared  as  Research  Paper  No.  31,  November  1953. 

Whenever  several  sources  of  information  are  used  to  prepare  sta- 
tistical tables  inconsistencies  can  develop,  both  within  and  between 
the  tables.   An  effort  was  made  to  keep  these  to  a  minimum  by  careful 
selection  of  source  and  by  cross  checking.  Nevertheless  the  users  of 
these  statistics  should  be  on  the  alert  for  any  discrepancies.  These 
tables  can  be  very  helpful  when  used  for  general  information,  and  as  . 
a  guide  to  sources  of  more  detailed  data.   If  precise  information  is 
desired,  special  research  should  be  done.  Suggestions  for  improvement 
will  be  appreciated.   Any  errors  should  be  called  to  our  attention. 

Current  figures  for  many  of  the  items  presented  in  these  tables 
may  be  secured  from  the  agencies  cited  in  the  "source  of  data." 

Source  of  data  not  otherwise  cited  is  the  U.  S.  Forest  Service, 

The  following  states  and  portions  of  states  are  included  in  Re- 
gion 1  of  the  U.  S.  Forest  Service  (Northern  Region):   Idaho:  Benewah, 
Bonner,  Boundary,  Clearwater,  Idaho,  Kootenai,  Latah,  Lewis,  Nez  Perce, 
and  Shoshone  Counties;  Montana:  all;  South  Dakota:  Butte  and  Harding 
Counties;  Washington:  Ferry,  Lincoln,  Pend  Oreille,  Spokane,  Stevens, 
and  Whitman  Counties;  Wyoming:  the  portion  of  Yellowstone  Park  east 
of  the  Continental  Divide, 

The  following  states  and  portions  of  states  are  included  in 
Region  4  of  the  U.  S.  Forest  Service  (Intermountain  Region):  Califor- 
nia: Alpino  and  Mono  Coxinties;  Colorado:  the  land  area  within  the 
Colorado  portion  of  the  Manti-LaSal  National  Forest;  Idaho:  Ada,  Adams, 
Bannock,  Bear  Lake,  Bingham,  Blaine,  Boise,  Bonneville,  Butte,  Camas, 
Canyon,  Caribou,  Cassia,  Clark,  Custer,  Elmore,  Franklin,  Fremont,  Gem, 
Gooding,  Jefferson,  Jerome,  Lemhi ,  Lincoln,  Madison,  Minidoka,  Oneida, 
Owyhee,  Payette,  Power,  Teton,  Twin  Falls,  Valley,  and  Washington 
Counties;  Nevada:  all;  Utah:  all;  Wyoming:  Lincoln,  Sublette,  Sweet- 
water, Teton,  and  Uinta  Counties. 


Some  explanatory  comments  on  the  tables  follow: 

Table  3,  columns  5,  6,  8,  and  9  include  all  recreationists  and 
sportsmen. 

Table  4  state  totals  show  the  game  harvest  for  the  1953  fall  hunt- 
ing season  and  the  game  population  remaining  after  this  hunt.   Although 
wild  turkeys  are  reported  by  the  U.  S.  Fish  and  Wildlife  Service  they 
are  not  included  in  table  4.  National  forest  estimates  are  for  the 
fiscal  year  ending  June  30,  1953,  and  are  therefore  not  exactly  compa- 
rable to  state  estimates  which  are  for  the  calendar  year  ending  Decem- 
ber 31,  1953.  The  area  of  fishing  lakes  includes  both  natural  lakes 
and  reservoirs.  The  1953  figures  on  sportsmen  using  the  national  for- 
ests are  given  in  numbers  of  individuals,   unless  otherwise  noted, 
whereas  in  1954  they  are  in  number  of  visits  so  as  to  agree  with  the 
recreational  visits  estimates  of  table  3, 

Table  5,  columji  2  includes  land  within  grazing  districts  only. 
Public  domain  land  outside  grazing  districts  is  included  with  other 
Federal  lands  in  column  3.  Columns  17  and  22   are  the  nearest  approx- 
imation to  "beef  cattle"  that  can  be  estimated  from  Census  figures. 
Some  beef  type  heifers  are  thus  excluded  while  some  dairy  bulls  are 
counted.   Current  inventories  of  livestock  are  published  in  the 
report,  "Livestock  and  poultry  on  farms  and  ranches,  January  1"  is- 
sued annually  in  February  by  the  Crop  Reporting  Board  of  the  U.  S. 
Agricultural  Marketing  Service. 

Table  6,  column  1  varies  somewhat  from  other  published  figures. 
Although  compiled  by  the  U.  S.  Bureau  of  the  Census  the  figures  differ 
slightly  from  the  acreage  shown  in  the  1950  Census  of  Agriculture.  The 
acreages  are  exclusive  of  water  areas  within  the  various  states.   Col- 
umn 2  is  "net"  national  forest  acreage,  thus  excluding  private,  state, 
county,  municipal,  and  some  Federal  ownership  within  national  forest 
boundaries.  Column  7,  the  total  land  area  in  U.  S.  Forest  Service 
regions,  is  an  estimate  of  the  actual  area  rather  than  a  summation 
of  county  areas. 
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Table    1. --Water   resource 


Western  States 

1 

2 

3 

4 

5 

Irrigation 

:   I 

ivestment  in 

State 

:  Irrigated: 
:    land    : 

water  from 
all  sources 

: irrigation  works 
:and  water  rights 

:      Water 

•  power 

: Developed: 

Undeveloped 

Thous. acres 

Thous. A. ft. 

Th 

ous.  dollars 

Thous. KW 

Thous.  ICJV 

Ariz. 

979 

3,754 

137,575 

982 

3,291 

Calif. 

6,599 

24,362 

640,474 

2,821 

7,802 

Colo. 

2,944 

10,795 

163,296 

145 

1,706 

Idaho 

2,168 

22,226 

129,974 

637 

8,097 

Mont. 

1,809 

5,650 

81,257 

604 

6,311 

Nevada 

723 

1,578 

20,181 

587 

111 

N.  M. 

691 

2,178 

61,138 

25 

209 

Oregon 

1,338 

5,228 

74,361 

816 

6,460 

Utah 

1,167 

5,409 

56,539 

94 

1,215 

Wash. 

618 

5,278 

178,290 

3,176 

16,246 

Wyoming 

1,475 

8,479 

59,986 

107 

955 

Total 

20,511 

94,937 

1 

,603,071 

9,994 

52,403 

Date  and 

source 

1949(6) 

1949(8) 

1/1/50(8) 

Dec. 

Jan. 

1952(6) 

1953(6) 
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Table  1. --Water  resource  (continued) 

U.  S.  Forest  Service  Regions 
6  7  8 


State 


Irrigated 
land 


Irrigation 
water  from 
all  sources 


Investment  in  : National  forest 
irrigation  works:    water 
and  water  rights:   production 


Thous. dollars   Thous.A.ft./yr. 
Region  1 


Thous. acres  Thous. A. ft 


Idaho 
Mont . 
S.  Dak. 

8 

1,809 

56 

99 

5,650 

157 

2,970 

81,257 
4,609 

Wash. 
Wyoming 

21 
0 

109 
0 

3,308 
0 

Total 
Date  and 
source 

1,894 
1949(8) 

6,015 
1949(8) 

92,144 
1949(8) 

Region  4 


Calif. 

Colo. 

Idaho 

51 
0 

2,160 

246 

0 

22,127 

291 

0 

127,004 

13,100 

Nevada 
Utah 

Wyoming 

723 

1,167 
368 

1,578 
5,409 
3,600 

20,181 

56,539 

4,601 

900 
4,600 
6,300 

Total 
Date  and 
source 

4,469 
1949(7) 

32,960 
1949(8) 

208,616 
1/1/50(8) 

24,900 
1953(16) 

1/  Included  with  Nevada 
2/  Included  with  Utah 
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Table  2. --Timber  resource 


Western  Stat 

es 

1 

2 

3 

4 

5 

6 

Total 
forest 

Commercial  f 

Drest 

State 

Total 

:   Federali/  : 

All  other 

:  Sawtimber 

:  Growing 

land 

:  ownership  : 

ownership 

3:   volume 
:  all  owners 

:   stock 
:all  owners 

T  h  0  u  s  a  n 

d   acre 

s 

Million 

Million 

bd.  ft. 

cu.  ft. 

Intl. 1/4" 

Ariz. 

19,212 

3,180 

3,021 

159 

19,988 

3,700 

Calif. 

42,541 

17,317 

9,070 

8,247 

360,001 

66,411 

Colo. 

20,834 

8,451 

6,668 

1,783 

25,394 

8,037 

Idaho 

21,025 

13,372 

9,579 

3,793 

96,015 

21,246 

Mont . 

22,330 

15,727 

10,187 

5,540 

55,770 

16,143 

Nevada 

12,036 

109 

32 

77 

572 

151 

N.  M. 

21,329 

5,735 

3,839 

1,896 

15,054 

3,683 

Oregon  2/ 

^29,387  ', 

V26,330 

2/15,251 

2/11,079 

2/381,389 

2/85,213 

Utah 

16,219 

3,014 

2,566 

448 

7,800 

2,001 

Wash.   2/ 

^23,268  c 

Vl9,874 

2/7,761 

2/12,113 

2/249,505 

2/60,666 

Wyoming 

10,513 

3,492 

2,992 

500 

12,089 

4,081 

Total   c 

B38,694 

116,601 

70,966 

45,635 

1,223,577 

271,332 

Date  and 

source 

3/1952 

3/1952 

3/1952 

3/1952 

3/1952 

3/1952 

1/  May  include  small  areas  managed  but  not  owned,  e.g.,  tribal  lands. 

2/  National  Lumber  Manufacturers  Association.   1953.   Lumber 
Industry  Facts. 

3/  Published  and  unpublished  Forest  Survey  data  except  as  noted. 
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Table  2. --Timber  resource  (continued) 


U.  S.  Forest  Service  Regions 
8  9        10 


11 


12 


Total    14,389 


70,884 


18,485 


9,132 


State   : 

Comm. for. 

land  on 

natl.f or . 

:Sawtimber 
: volume  on 
:natl.f or. 

:Growing 
: stock  on 
: natl.f or. 

:Comm.f or. 
:   land 
:  private 

:Sawtimber 
:  volume 
:  private 

:Growing 
:  stock 
: private 

Thous.A. 

Million 

bd.  ft. 

Intl. 1/4" 

Million 
cu.  ft. 

Region  1 

Thous.A. 

Million 

bd.  ft. 

Intl. 1/4" 

Million 
cu.  ft. 

IdahoV 
Mont. 
S.  D.l/ 

4,418 

8,939 

18 

33,333 

32,954 

4 

7,403 

9.941 

3 

2,475 

4,857 

30 

18,871 

16,633 

7 

4,061 

4,571 

4 

Wash.l/ 
Wyomingi/ 

1,014 
0 

4,593 
0 

1,138 
0 

1,770 
0 

5,043 
0 

1,606 
0 

40,554    10,242 


Region  4 


Calif .2/  58 
Colo.i/  5 
Idaho£/   4,756 

Nevada  30 
Utah  1,865 
Wyoming^/    732 

Total     7,446 
Date  and 
source   4/1952 


3/377 

75 

Unavai 

labia 

21 

5 

Unavai 

labia 

29,887 

6,881 

492 

2,821 

87 

38 

77 

483 

5,461 

1,407 

392 

640 

3,252 

990 

38 

147 

39,085 

9,396 

4/1952 

4/1952 

609 

113 

189 

48 


'\J   Parts  of  states.  Region  1  portion. 

2j   Parts  of  states.  Region  4  portion. 

'hj   Scribner  Decimal  C  log  scale.   All  other  volumes  are  Inter- 
national 1/4"  rule. 

£/  Published  and  unpublished  Forest  Survey  data. 
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Table  2. --Timber  resource  (continued) 

Western  States 
13  14  15 


16 


Lumber 

Active 

Employees 

Value  farm 

State 

pro- 

sawmills 

woods  and 

forest 

duction 

plant 

products 
sold 

Million 

N  u  m 

b  e  r 

Thous. 

bd.  ft. 

dollars 

Ariz. 

247 

61 

2,030 

712 

Calif. 

3,971 

884 

25,550 

1,785 

Colo. 

153 

403 

2,860 

290 

Idaho 

1,104 

388 

7,410 

867 

Mont . 

598 

1/434 

2,890 

643 

Nevada 

2/ 

2/ 

80 

2 

N.  M. 

125 

162 

1,560 

183 

Oregon 

7,842 

1,466 

54,580 

6,368 

Utah 

45 

1,142 

480 

42 

Wash. 

3,660 

808 

54,280 

3,580 

Wyoming 

58 

170 

1,370 

132 

Total 

17,803 

4,891 

153,090 

14,604 

Date  and 

source 

1948(14) 

1947(14) 

7/1/44(14) 

1949(7) 

1/  Source:   Hutchison,  S.  Blair,  and  Paul  D.  Kemp.   Forest 
resources  of  Montana.   U.  S.  Dept.  of  Agr.  Forest  Resource  Report 
No.  5,  1952.   Active  sawmills  as  of  1948. 


2/  Included  with  California 


Table  2. --Timber  resource  (continued) 


U.  S.  Forest  Service  Regions 


17                        18 

19 

State 

:      National  forest  sawtiinber  cut 

:    Value  farm  forest 

:   Volume          :          Value    : 

:      products  sold 

Thous.  bd.ft 


Thousand  dollars 


Region  1 


Idaho 
Mont . 
S.  Dak. 

272, 
319, 

,946 

,989 

5 

2,372 

1,838 

1/ 

Wash. 
Wyoming 

55, 

,156 
0 

310 
0 

Total 
Date  and 
source 

648, 

,096 

F. 

Y. 

ending 

4,520 

6/30/54 

Reg: 

ion  4 

Calif. 

6, 

,691 

Colo. 

0 

Idaho 

118, 

,080 

Nevada 

255 

Utah 

40, 

,830 

Wyoming 

13, 

,170 

Total 

179, 

,026 

Date  and 

source 

F 

23 

^   0 

897 

1 

224 

58 

1,203 

ending   6/30/54 


801 

643 

0 

528 
0 

1,972 

1949  (7) 


2/ 
66 

2 

42 

4 

114 

1949  (7) 


1/   Less  than  $500.00. 
2/   Data  not  available. 
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Table  3 . --Recreation  resource 


Western  States 
2         3 


State 


;  Natl. parks 
:  and  rear, 
areas—' 


State  :Natl.  forest 
:  parks  : wildernessw 
:    areas 


Recreational  visits 


:Natl.    parks    :    Natl,    forests::.^' 


f 


Thousand        acres 


Thousands 


Ariz. 

1,445 

15 

734 

2 

,008 

1,025 

1,253 

Calif. 

4,209 

544 

1,666 

2 

,927 

3,871 

4,856 

Colo. 

518 

0 

1,523 

1 

,193 

2,148 

3,395 

Idaho 

79 

8 

3,015 

33 

1,120 

1,326 

Mont. 

1,141 

3 

1,924 

390 

832 

1,104 

Nevada 

116 

11 

0 

760 

109 

172 

N.  M. 

235 

3 

940 

651 

560 

1,332 

Oregon 

161 

64 

704 

393 

1,742 

2,276 

Utah 

286 

1/ 

241 

599 

2,786 

2,983 

Wash. 

1,133 

56 

926 

828 

1,324 

1,643 

Wyoming 

2,309 

1 

2,430 

1 

,268 

675 

743 

Total 

11,632 

705 

14,103 

11 

,050 

16,192 

21,083 

Date  and 

source 

1950(1) 

1950(1) 

1949(2) 

1949(12) 

1949(18 

_)1952(18) 

1/  Areas  under  the  jurisdiction  of  the  National  Park  Service. 
2/  Includes  variously  classified  as  wilderness,  wild,  roadless. 
3_/  Not  including  people  merely  traveling  through. 
4/  Less  than  500  acres. 
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Table  3. — Recreation  resource  (contiriued) 

U.  S.  Forest  Service  Regions 
7  8 


State 


National  forest 

wilderness 

areas 


National  forest 
recreational  visits 


Idaho 
Mont. 
S.  Dak. 

Wash. 
Wyoming 

Total 
Date  and 
source 


Calif. 

Colo. 

Idaho 

Nevada 
Utah 

Wyoming 

Total 
Date  and 
source 


Thous.  acres 


Thousands 


21 

0 

1,434 

0 
241 
948 

2,644 

1949 


Region  1 


1,584 

274 

1,984 
0 

2,50^^ 

0 

89 

0 

0 

3,568 

2,863 

1951(17) 

1949 

Region 

_£ 

1/ 

904 


109 

2,786 

221 

4,074 

1949 


405 

3,814 
11 

180 
0 

4,410 

1953 


137 

1 
1,174 

181 

3,281 
190 

4,964 

1953 


1/  Data  not  available 
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Table  4. — Wildlife  resource 


Western  States 
2         3  4 


Big  game 

inventory 

State 

State  total 

: 

National 

forest 

:   Deer 

: 

Elk   : 

Other 

:    Deer 

: 

Elk 

:    Other 

T 

h 

0  u  s  a  n  d  s 

T 

h 

o  u  s  a  n  d  s 

Ariz. 

255 

1/7 

37 

84 

1/11 

24 

Calif. 

1,120 

1 

24 

519 

1 

20 

Colo. 

300 

50 

23 

227 

35 

12 

Idaho 
Mont . 

1/155 
270 

1/45 
47 

28 
85 

1/165 
177 

1/49 
35 

26 
21 

Nevada 

90 

1/ 

8 

84 

1/1 

1 

N.  M. 

128 

5 

23 

60 

2 

4 

Oregon 

577 

35 

20 

205 

31 

9 

Utah 

350 

5 

2 

213 

5 

1 

Wash. 

340 

30 

45 

96 

18 

17 

Wyoming 

121 

1/37 

115 

61 

1/39 

10 

Total 

3,706 

262 

410 

1,891 

227 

145 

Date  and 

source 

1953(13) 

F. 

Y. 

ending 

6/30/53 

l/  Discrepancy  between  state  and  national  forest  figures  not 
explained,  except  insofar  as  state  totals  are  after  the  hunting 
season  whereas  national  forest  (fiscal  year)  figures  are  before  the 
hunting  season. 
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Table  4. — Wildlife  resource  (continued) 

U.  S.  Forest  Service  Regions 


7 

8 

9           10       11 

12 

State   : 

National 

forest  big  game  inventory 

: 

Deer 

:    Elk 

Other   :     Deer  :     Elk   : 

Other 

Idaho 
Mont. 
S.  Dak. 

Wash. 
Wyoming 

Total 
Date  and 
source 


Thousands 

Region  1 


40 

177 

1 

16 


234 


26 

35 
-1/ 


7 

21 
3 


61 


32 


Thousands 


41 
183 


21 
0 

245 


32 
38 


0 
70 


8 

24 


1 
0 

33 


F.  Y.  ending  6/30/53 


F.  Y.  ending  6/30/54 


Region  4 


Calif. 

27 

. 

30 

0 

Colo. 

1 

- 

— 

1 

—         _ 

Idaho 

126 

23 

19 

120 

25        17 

Nevada 

84 

1 

1 

92 

1         1 

Utah 

213 

5 

1 

221 

5         1 

Wyoming 

13 

25 

5 

16 

25         5 

Total 

464 

54 

26 

480 

56        24 

Date  and 

source 

F.  Y. 

ending 

6/30/53 

F.  Y. 

ending  6/30/54 

1/  Dash  (-)  in  this  table  indicates  data  not  available 
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Table  4. — Wildlife  resource  (continued) 


Western  States 


13 


14 


15 


16 


17 


18 


Big  game 

harvest 

State 

State  total       : 

National 

forest 

Deer 

:    Elk    :   Other   : 

Deer 

:     Elk 

:    Other 

Number 


Number 


Ariz. 

Calif. 

Colo. 

19,121 
60,780 
72,375 

1,558 

0 

5,299 

3,527 
6,400 
4,836 

Idaho 
Mont. 
Nevada 

28,076 
80,000 
24,000 

9,088 

13,000 

0 

1,376 

22,667 

148 

N.  M. 

Oregon 

Utah 

16,370 

105,701 

94,003 

225 

4,145 

967 

1,068 

1,181 

0 

Wash. 
Wyoming 

72,000 
46,056 

2,700 
9,826 

8,150 
35,740 

Total 
Date  and 
source 

618,482 

46,808 
1953(13) 

85,093 

9,600 
28,000 
40,000 

1,100 
0 

3,100 

1,560 

1,250 

730 

25,000 
20,000 
10,000 

7,400 

5,000 

0 

1,760 

1,300 

0 

5,400 
38,000 
64,000 

50 
2,700 
1,200 

170 

810 

40 

9,900 
18,000 

2,200 
8,100 

1,190 
820 

267,900   30,850     9,630 
F.  Y.  ending  6/30/53 
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Table  4. — Wildlife  resource  (continued) 

U.  S.  Forest  Service  Regions 
19       20        21  22       23        24 


State   : 

National 

forest  big  g; 

3,me  harvest 
Elk    : 

: 

Deer 

:   Elk 

:   Other 

: 

Deer  : 

Other 

N 

u  m  b  e 

r 

Region 

_1_ 

N 

u  m  b  e 

r 

Idaho 

3,000 

3,000 

500 

4,600 

5,100 

300 

Mont. 

12,300 

7,100 

600 

23,600 

6,200 

2,200 

S.  Dak. 

2/ 

i/ 

2/ 

£/ 

£/ 

2/ 

Wash. 

1,920 

14 

80 

3,500 

100 

200 

Wyoming 

0 

0 

0 

0 

0 

0 

Total 

17,220 

10,114 

1,180 

31,700 

11,400 

2,700 

Date  and 

'30/5li./ 

source 

F.  Y. 

ending  6/ 

F.  Y.  < 

snding  6/ 

'30, 

/54 

Region  4 


Calif. 

Colo. 

Idaho 

2,930 

250 
21,030 

0 

0 
2,600 

15 

0 

1,150 

3,135 

350 

18,020 

0 

0 

3,300 

50 

1 

1,270 

Nevada 

Utah 

Wyoming 

10,000 

64,000 

3,200 

0 
1,200 
5,200 

0 

40 

590 

9,300 

69 , 000 

3,600 

0 

870 

6,000 

0 

40 

649 

Total 
Date  and 
source 

101,410 

F.  Y. 

9,000 
ending  6/30/ 

1,795 

'53 

99,805 
F.  Y. 

10,170 
ending  6/30/ 

2,010 
'54 

1/  Not  available  by  states  for  1953.   The  1953  regional  totals 
were:   deer  28,000,  elk  9,800,  and  other  3,180. 

2/  Data  not  available. 
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Table  4. --Wildlife  resource  (continued) 

Western  States 
25  26 


27 


28 


State 


Sportsmen  using 
national  forests 


Hunters 


Fishermen 


National  forest 


Fishing 

streams 


Fishing 
lakes 


Ariz. 

Calif. 

Colo. 

Idaho 

Mont. 
Nevada 

N.  M. 

Oregon 

Utah 

Wash. 
Wyoming 

Total 
Date  and 
source 


Number   of   individuals 
Thousands 


69 

462 
110 

125 

176 

21 

38 
161 
102 

120 
58 


141 
597 
300 

266 

256 

30 

69 
394 
100 

434 
157 


1,442  2,744 

F.  Y.  ending  6/30/53 


Miles 


Acres 


731 

37,506 

12,173 

130,703 

8,304 

27,573 

10,352 

151,115 

8,450 

56,008 

1,061 

215 

524 

270 

6,325 

53,907 

2,472 

18,790 

4,924 

93,538 

4,279 

46,414 

59,595        616,039 
1953(6) 
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Table  4. — Wildlife  resource  (continued) 

U.  S.  Forest  Service  Regions 
29        30         31        32 


33 


34 


State 


Sportsmen  in  national  forests 


Hunters  :Fishermen:   Hunters  :Fishermen 


National  forest 


Fishing  :  Fishing 
streams  :   lakes 


Number  of   individuals 
Thousands 


Miles 


Acres 


Region  1 


Idaho 
Mont. 
S.  Dak. 

i 

i 

45 
198 

-  3 

/ 

92 
277 

4 
8 

,408 

,450 

0 

124,904 

56,008 

0 

Wash. 
Wyoming 

1/ 

0 

1/ 

0 

17 
0 

47 

0 

436 

3,955 

Total 
Date  and 
source 

236       389 

F.  Y.  ending 
6/30/53 

260       416 

F.  Y.  ending 
6/30/54 

13 

,294 
1951 

184,867 
(11) 

Region 

_4 

Number  of 

visits—' 

Calif. 

Colo. 

Idaho 

21 
83 

33 

180 

42 
99 

41 

1 

391 

5 

375 
7 

,944 

3,215 

50 

50,073 

Nevada 

Utah 

Wyoming 

21 

102 

21 

29 

100 

57 

21 

165 

31 

21 

463 

50 

1 
2 
1 

,061 
,472 
,431 

•283 
28,813 
64,480 

Total 
Date  and 

248 

399 

358 

967 

11 

,290 

146,914 

source 

F.  Y.  ending 
6/30/53 

F.  Y.  ending 
6/30/54 

1954 

1954 

!_/  Estimates  by  states  not  available. 

2j   Reported  by  visits  rather  than  individuals  as  in  Region  1. 

3/  Dash  (-)  in  this  table  indicates  data  not  available. 
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Table  5 . --Livestock  forage  resource 

Western  States 
1  2  3 


4 5 

No.  of  sheepi:/  permitted 


State 


Area  open  to  grazing 


National   :   Grazing   :   Other 
forest    :   district  :  Federal 


National 
forest 


Grazing 
district 


Thousand   acres 


Thousands 


Ariz. 

9,317 

11,416 

20,809 

90 

52 

Calif. 

8,868 

2,904 

13,405 

119 

117 

Colo. 

7,969 

7,927 

1,337 

592 

763 

Idaho 

9,397 

12,381 

1,068 

626 

1,054 

Mont, 

5,498 

6,787 

6,968 

248 

618 

Nevada 

3,847 

32,203 

13,719 

133 

625 

N.  M. 

6,607 

16,323 

6,936 

90 

647 

Oregon 

8,092 

12,377 

2,766 

148 

206 

Utah 

5,657 

23,866 

2,741 

477 

1,378 

Wash. 

2,202 

0 

2,654 

39 

0 

Wyoming 

4,278 

14,737 

5,011 

423 

1,162 

Total 

71,732 

140,921 

77,414 

2,985 

6,622 

Date  and 

source 

1947(11) 

1947(11) 

1947(11) 

1952 

1949(11) 

1/  Includes  some  goats.   Permitted  number  usually  exceeds  the 
number  actually  grazed. 
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Table  5. --Livestock  forage  resource  (continued) 

Western  States 
6  7  8         9 


10 


11 


State 


:No»  cattle±/  permitted:  Animal  unit  month" 

National   :  Grazing   :  sheep£/  permitted 

district  :  National;  Grazing 

:  forest  :  district 


Animal  unit  month 
cattlej:./  permitted 
Nat  i  onal :  Graz  ing 
forest  :  district 


n 


Ariz. 

136 

75 

69 

54 

1 

,219 

524 

Calif. 

103 

99 

92 

82 

471 

403 

Colo. 

150 

187 

328 

433 

706 

527 

Idaho 

109 

261 

371 

543 

498 

910 

Mont. 

114 

402 

111 

245 

505 

710 

Nevada 

56 

348 

97 

592 

242 

1,724 

N.  M. 

73 

254 

110 

799 

674 

1,459 

Oregon 

70 

278 

112 

123 

331 

1,027 

Utah 

108 

207 

292 

1 

,350 

499 

1,112 

Wash. 

19 

0 

28 

0 

91 

0 

Wyoming 

104 

198 

181 

1 

,069 

401 

787 

Total 

1,042 

2,309 

1,791 

5 

,290 

5 

,637 

9,183 

Date  and 

source 

1952(18) 

1949(11) 

1949(11) 

1949(11) 

1949(11) 

1949(11) 

1/  Includes  some  horses.   Permitted  number  usually  exceeds  number 
actually  grazed, 

2/  Includes  some  goats.   An  animal  unit  is  1  cow  or  5  sheep. 
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Table  5. --Livestock  forage  resourca  (continued) 


12 


U.  S.  Forest  Service  Regions 
13  14 


15 


16 


State 


Natl.  for.  :  Nuaber  of 
area  open  :  sheep  per- 
to  grazing  :  mittea  or. 
:  natl.  for. 


Number  of   :  Animal  unxt  :  Animal  unit 
cattle  per-  :  month  sheep  :  month  cattle 
mitted  on   :  permitted  on  :  permitted  on 
natl.  for.  :  natl.  for.   :  natl.  for. 


Thous.  A. 

T 

h   0 
Regi 

u   s  a 
Dn  1 

n  d   s 

Idaho 

1,295 

18 

14 

90 

63 

Mont. 

5,033 

248 

118 

486 

502 

S .  Dak. 

74 

1/ 

4 

1 

53 

Wash. 

366 

6 

6 

18 

29 

Wyoming 

0 

0 

0 

0 

0 

Total 

6,768 

272 

142 

595 

647 

Date  and 

source 

1953 

1953 

1953 

1953 

1953 

Region  4 

Calif. 

512 

28 

6 

18 

20 

Colo. 

23 

0 

1 

0 

3 

Idaho 

5,660 

608 

98 

361 

397 

Nevada 

2,945 

133 

56 

91 

234 

Utah 

4,125 

477 

111 

276 

479 

Wyoming 

1,424 

190 

44 

87 

157 

Total 

14,689 

1,436 

316 

833 

1,290 

Date  and 

source 

1953 

1952 

1953 

1953 

1953 

1/  Data  not  available 
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Table  5. --Livestock  forage  resource  (continued) 

Western  States 
17  18  19  20 


21 


Liivestock  on  farms 

Value 

of 

livestock 

State 

4/1/50 

sold  alive 

Value  of 

Beef    : 
cattlei./  : 

Sheepi/ 

Cattle  and 
calves 

:  Sheep  and 
:    lambs 

wool  shorn 

Thousands 

T  h 

ousand  do 

liars 

Ariz. 

421 

329 

49,816 

2,738 

846 

Calif. 

1,108 

1,227 

229,976 

24,462 

5,653 

Colo. 

1,007 

1,261 

164,984 

28,843 

4,886 

Idaho 

423 

834 

59,905 

18,480 

3,741 

Mont. 

1,088 

1,154 

115,515 

18,712 

6,218 

Nevada 

286 

272 

21,510 

2,661 

1,205 

N.  M. 

693 

1,037 

60,756 

8,743 

4,449 

Oregon 

507 

555 

53,316 

7,872 

2,250 

Utah 

282 

991 

30,394 

12,949 

4,098 

Wash. 

295 

207 

41,059 

4,335 

939 

Wyoming 

654 

1,599 

58,642 

17,697 

7,016 

Total 

6,764 

9,466 

885,873 

147,492 

41,301 

Date  and 

source 

1950(7) 

1950(7_^ 

)      1949(7) 

1949(7) 

1949(7) 

\J   Calculated  from  Census  data  as  follows:   To  the  total  number 
of  cows,  including  heifers  that  have  calved,  add  number  of  all  steers 
and  bulls,  and  then  subtract  number  of  milk  cows. 

£/  Sheep  and  lambs  born  before  October  1,  1949. 
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Table  5. — Livestock  forage  resource  (continued) 

U.  S.  Forest  Service  Regions 
22  23  24  25 


26 


Livestock  on  farms 

Value  of 

livestock 

State   : 

4/1/50 

sold  alive 

Value  of 

Beef    : 

Cattle  and 

:  Sheep  and 

wool  shorn 

'  ■  : 

cattle   : 

Sheep 

calves 

:    lambs 

Thousands 

Thousand  do 

liars 

Region  1 

Idaho 

49 

16 

5,913 

254 

61 

Mont. 

1,088 

1,154 

115,515 

18,712 

6,218  .  , 

S.  Dak. 

39 

162 

4,626 

2,504 

857 

Wash. 

74 

27 

9,221 

359 

87 

Wyoming 

0 

0 

0 

0 

0 

Total 

1,250 

1,359 

135,275 

21,829 

7,223 

Date  and 

source 

1950(7) 

1950(7_) 

1949  (7_) 
Region  4 

1949(7_) 

1949(7) 

Calif. 

6 

13 

877 

253 

67 

Colo. 

-1/ 

- 

- 

- 

- 

Idaho 

374 

818 

53,991 

18,226 

3,680 

Nevada 

286 

272 

21,510 

2,661 

1,205 

Utah 

282 

991 

30,394 

12,949 

4,098 

Wyoming 

83 

326 

6,424 

2,892 

1,374 

Total 

1,031 

2,420 

113,196 

36,981 

10,424 

Date  and 

source 

1950(7) 

1950(7) 

1949(7) 

1949(7) 

1949(7) 

1/  Dash  (-)  in  this  table  indicates  data  not  available. 
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Table  6. — Land  resource  and  human  population 

Western  States 
12  3  4 


:  Forest   : 

Other 

:State- 

Human 

State 

rLand  areatServicei/ : 

Federal-owned : owned 
land     :  land 

population 

:     Total    : 

Rural 

T 

housand   acr 

e  s 

T  h  0 

u  s  a  n 

d  s 

Ariz. 

72,691 

11,480 

39,263 

9,940 

750 

905 

334 

Calif. 

100,354 

19,935 

26,137 

2,932 

10,586 

12,087 

2,047 

Colo. 

66,539 

13,718 

11,388 

3,181 

1,325 

1,456 

494 

Idaho 

52,997 

20,326 

14,163 

2,961 

589 

598 

336 

Mont. 

93,642 

18,532 

17,775 

5,498 

591 

618 

333 

Nevada 

70,273 

5,058 

53,955 

58 

160 

199 

68 

N.  M. 

77,767 

9,364 

25,727 

11,503 

681 

756 

339 

Oregon 

61,664 

14,924 

17,993 

1,609 

1,521 

1,630 

702 

Utah 

52,701 

7,916 

30,049 

3,027 

689 

750 

239 

Wash. 

42,865 

9,688 

5,701 

2,942 

2,379 

2,520 

876 

Wyoming 

62,404 

9,134 

24,158 

3,647 

291 

317 

146 

Total 

753,897 

140,075 

266,309 

47,298 

19,562 

21,836 

5,914 

Date  and 

source 

1951(5_) 

1954(15) 

1950(1) 

1950(1) 

1950(9) 

1953(6) 

1950(9) 

\l   Includes  all  U.  S. -owned  land  administered  by  the  Forest  Service; 
e.g.,  national  forests,  purchase  units,  experimental  ranges,  land 
utilization  projects,  shop  sites. 

Note:   Area  in  grazing  districts  by  states  is  given  as  of  June  30,  1953 
in  (6). 


-ZZ- 


Table  6. --Land  resource  and  human  population  (continued) 

U.  S.  Forest  Service  Regions 
7  8  9 


10 


State     : 

Total  land  area 

:  Forest  Service  land  : 

Human  population 

:                    : 

Total    : 

Rural 

T  h  o  u  s 

and  acres 
Region  1 

T  h  0  u  s  a  n 

d  s 

Idaho 

12,567 

6.861 

143 

87 

Mont, 

93,362 

18,532 

591 

338 

S.  Dak. 

2,223 

233 

10 

7 

Wash. 

7,884 

1,215 

295 

94 

Wyoming 

1,300 

0 

0 

0 

Total 

117,336 

26,841 

1,039 

526 

Dat  e  and. 

source 

1954 

1954(15) 

Region  4 

Calif. 

2,401 

630 

2 

2 

Colo. 

27 

27 

y 

1/ 

Idaho 

40,430 

13,465 

446 

249 

Nevada 

70,273 

4,997 

160 

68 

Utah 

52,701 

7,916 

689 

239 

Wyoming 

15,587 

3,787 

43 

26 

Total 

181,419 

30,822 

1,340 

584 

Date  and 

source 

1954 

1954(15_) 

1950(9) 

1/  Data  not  available . 
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Source  of  Data 

1.  Davidson,  R.  D.   1952.   Federal  and  state  rural  lands,  1950. 
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Library  of  Congress. 

3.  National  Lumber  Manufacturers  Association.   1953.   Lumber  Industry  Facts. 

4.  Reuss,  L.  A.,  H.  H.  Wooten,  and  F.  J.  Marschner.   1948.   Inventory  of 
major  land  uses  in  the  United  States.   U.  S.  D.  A.  Mis.  Pub,  663. 

5.  U.  S.  Bur.  Agr.  Econ.   1951,   Statistical  handbook  of  agriculture  in 
the  United  States, 
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7.  U.  S.  Census  of  Agriculture,  1950,  Vol.  I. 
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10.  U.  S.  Dept.  of  Agriculture.   1953.   Agricultural  statistics, 

11,  U.  S.  Dept.  of  Agriculture.   1950.   Domestic  wool  requirements  and 
sources  of  supply, 

12.  U.  S.  Dept,  of  the  Interior.   1949,   Annual  report  of  the  Secretary 
of  the  Interior. 

13.  U.  S.  Fish  and  Wildlife  Service.   1954.   Inventory  of  big-game 
animals  of  the  United  States,   Wildlife  leaflet  364, 

14,  U.  S.  Forest  Service.   1950,   Materials  survey,  lumber,  railroad 
ties,  veneer  and  plywood,  poles  and  piles, 

15.  U.  S.  Forest  Service,   1954,  National  forest  areas, 

16,  U.  S,  Forest  Service, (1953?)  National  forest  facts,  Intermountain  region, 

17,  U.  S.  Forest  Service  (1951)  National  forest  facts,  Northern  region, 

18.  U.  S.  Forest  Service.   1953,   Report  of  the  Chief,  Statistical  Supplement. 

19,  U.  S.  Senate  Committee  on  Government  Operations.   1952.   Federal  Wild- 
life Conservation  Activities,  1951.   Sen.  Report  No.  1457,  82d  Cong., 
2d  Session. 
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By  Walter  R.  Houston- 


Aspen,  Populus  tremuloides  Michx. ,  the  most  widespread  deciduous 
tree  of  western  United  States,  is  one  of  the  most  prominent  features  of 
its  native,  high  mountain  habitat.   Its  conspicuous,  relatively  pure  and 
single-aged  stands,  vivid  green  foliage  in  summer,  bright  yellow  leaves 
in  autumn,  and  distinctive  white  trunks  at  any  season — all  set  it  apart 
from  the  conifers  and  shrub  communities  which  may  surround  it. 

In  Utah,  Nevada,  western  Wyoming,  and  Idaho  south  of  the  Salmon 
River, £/  the  area  of  range  dominated  by  aspen  approximates  2,000,000 
acres.   The  lower  and  upper  elevational  limits  of  the  type  rise  from  north 
to  south,  from  approximately  5,500  and  8,000  feet  in  southern  Idaho  to 
8,000  and  10,000  feet  in  southern  Utah.   The  type  usually  occurs  between 
the  mountain  brush  or  sagebrush  on  the  lower  side  and  the  subalpine  coni- 
fer on  the  upper. 

The  type  is  an  important  one  in  the  economy  of  the  region.   Since  it 
is  one  of  the  largest  and  most  productive  of  the  montane  types,  it  is  ex- 
tensively used  as  a  summer  range,  both  for  livestock  and  big  game.   It 
makes  a  considerable  contribution  to  the  regulation  of  streamflow,  is  also 
used  for  recreation,  and  furnishes  some  timber  products,  principally  ex- 
celsior. 

Although  forage  production  on  the  aspen  ranges  throughout  the  region 
has  been  reduced  far  below  its  normally  high  potential,  little  soil  ero- 
sion is  apparent;  and  from  many  observations  the  indications  are  that 
these  ranges  probably  could  be  more  easily  restored  to  their  former  con- 
dition than  many  of  the  adjacent  ones. 

Because  of  the  importance  of  aspen  ranges  for  grazing,  range  managers 
are  particularly  interested  in  recognizing  condition  and  trend  on  them. 
As  a  basis  for  grazing  management  plans,  the  range  manager  must  know  the 
productive  potential  of  the  type,  how  near  a  particular  range  is  to  this 
potential,  and  whether  the  range  is  changing  toward  or  away  from  it.   The 
purpose  of  this  publication  is  to  furnish  a  guide  that  will  enable  the 
range  manager  to  determine  the  condition  of  most  aspen-type  ranges  in  the 
Intermountain  region.   A  discussion  of  trend  will  not  be  entered  into  here. 


1/  Mr.  Houston  is  now  Range  Conservationist,  Agricultural  Research 
Service,  Miles  City,  Montana.  This  study  was  completed  and  the  manuscript 
written  while  he  was  with  the  Intermountain  Forest  and  Range  Experiment 
Station. 

2/  This  area  formerly  defined  the  area  of  responsibility  of  the 
Intermountain  Forest  and  Range  Experiment  Station,  v/hich  has  been  enlarged 
since  this  was  written.   This  restricted  area  is  meant  when  "Intermountain 
region"  or  "region"  is  used  in  the  present  report. 


A  general  treatment  of  the  subject  is  presented  in  "Indicators  of  Condi- 
tion and  Trend  on  High  Range  Watersheds  in  the  Intermountain  Region"  by 
Ellison,  Croft,  and  Bailey  (3^).^/ 

This  guide  is  based  on  examinations  of  all  degrees  of  range  condition 
over  a  4-year  period,  1949  to  1952.  The  ranges  examined  varied  from  some 
that  had  been  ungrazed  for  40  years  to  others  that  had  been  virtually  de- 
nuded by  long-continued  overgrazing.   Observations  were  made  of  species 
composition  of  ground  cover  vegetation,  both  of  the  aspen  understory  and 
adjacent  openings,  plant  and  litter  cover,  vegetal  production,  degree  of 
erosion,  and  evidences  of  trend. 

REVIEW  OF  LITERATURE 

Several  range  condition  and  trend  guides  that  consider  the  aspen  type, 
among  others,  have  previously  been  prepared  for  local  areas  of  the  Inter- 
mountain region.  Two  have  been  prepared  by  the  administrative  branch  of 
the  U.  S.  Forest  Service,  one  for  the  Mono  division  of  the  Toiyabe  National 
Forest  in  Nevada  (15_)  and  one  for  the  Heise  Ranger  District  of  the  Targhee 
National  Forest  in  southeastern  Idaho  (14).  Two  such  guides  have  been  pre- 
pared by  U.  S.  Soil  Conservation  Service  technicians  for  the  Bear  Lake  (4) 
and  Yellowstone  Soil  Conservation  Districts  (10)  of  eastern  Idaho.   General 
guides  to  condition  and  trend  of  mountain  range -watersheds  of  this  region 
have  been  prepared  by  Ellison  (2)  and  Ellison,  Croft,  and  Bailey  (3^). 

Sampson's  early  work  in  central  Utah  (£)  indicated  that  moderate 
cattle  use  and  very  light  sheep  use  of  aspen  ranges  resulted  in  proper 
use  of  the  aspen  reproduction.   Julander's  investigations  in  Arizona  (6_) 
disclosed  that  aspen  was  a  key  forage  species  for  deer  summer  range,  that 
maximum  allowable  utilization  of  aspen  reproduction  was  70  to  75  percent, 
and  that  degree  of  utilization  of  aspen  was  an  indicator  of  relative  deer 
stocking.  However,  more  recent  research  revealed  that  in  central  Utah, 
when  more  preferred  forage  is  available,  aspen  may  not  be  a  reliable  key 
species  on  deer  range,  and  that  often  aspen  utilization  is  not  a  sensi- 
tive guide  to  proper  stocking  (12) .  Marston's  (7)  work  on  soil  protec- 
tion requirements  in  northern  Utah  indicated  that  about  a  two-thirds 
cover  of  vegetation  or  litter  is  necessary  to  avoid  excessive  soil  loss 
by  summer  storms. 

CHARACTERISTICS  OF  THE  ASPEN  TYPE 

Aspen  stands  vary  widely  in  size.   They  may  occur  as  islands  of 
trees  separated  by  openings  of  varying  size,  or  as  a  more  or  less  contin- 
uous forest.   The  term,  aspen  type,  as  used  in  this  publication  refers 
to  all  these  areas.   It  includes  not  only  the  areas  overshadowed  by  aspen, 
but  also  the  openings  in  the  aspen  forest.   It  does  not  include  areas  of 
aspen  mixed  with  more  than  50  percent  of  conifer  trees,  however,  or  more 
than  50  percent  of  oak  and  maple. 


3/  Figures  in  parentheses  refer  to  Literature  Cited,  page  16. 
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An  important  characteristic  of  the  aspen  type  is  its  very  high 
production  potential.   Many  sites  produce  1,000  to  2,000  pounds  per 
acre  air-dry,  and  some  as  high  as  5,000  pounds,  of  herbaceous  and 
shrubby  vegetation.   The  evidence  at  hand  indicates  that  on  ranges 
in  good  condition,  the  openings  are  fully  as  productive  of  forbs, 
grasses,  and  shrubs  as  the  area  beneath  the  aspen  overstory. 

Aspen  Understory 

The  normal  species  composition  of  the  understory,  which  may  con- 
tain almost  any  proportion  of  grasses,  forbs,  and  brush,  varies  consid- 
erably throughout  the  region.  Although  the  dominance  of  a  single 
species — aspen — suggests  uniformity,  some  300  understory  species  have 
been  identified  on  aspen  ranges  and  combinations  of  these  300  species 
are  almost  limitless.   Species  that  are  normally  constituents  of  adja- 
cent mountain  brush,  sagebrush,  or  lodgepole  pine  types  are  found  in 
many  aspen  stands.   Thus,  where  aspen  grows  near  lodgepole  stands,  its 
understory  vegetation  may  be  dominated  by  the  common  dominant  of  the 
lodgepole  understory,  pinegrass,  Calamagrostis  rubescens.  Although 
this  grass  is  of  low  palatabilityj  its  dominance  may  be  natural  rather 
than  induced  by  past  overgrazing. 

For  most  of  the  aspen  ranges  of  the  Intermountain  region,  however, 
the  natural,  undisturbed  understory  vegetation  appears  to  have  consisted 
chiefly  of  a  mixture  of  many  species  of  tall,  succulent  forbs  and  grasses. 
Among  these  the  following  were  probably  conspicuous: 

Forbs: 


Agastache  urticif olia 
Aquilegia  coerulea 
Aster  engelmanni 
Delphinium  barbeyi 
Heracleum  lanatxim 


jrtensia  leonardi 


Osmorhiza  occidentalis 
Senecio  serra 
Thai ic tram  f endleri 
Valeriana  occidentalis 


Grasses  and  sedges: 


Agropyron  trachycaulum 
Bromus  carinatus 


Garex  spp, 
Elymus  glaucus 


The  commonest  shrubs  were  probably  Symphoricarpus  spp.  and  Pachistima 
myrsinites. 


The  understory  of  most  aspen  range  has  been  greatly  altered  by 
years  of  overgrazing.   As  the  palatable  species  were  eliminated  by  close, 
repeated  use,  the  change  has  been  toward  dominance  by  lower  growing,  more 
drought-resistant,  and  less  palatable  species.   Severely  depleted  ranges 
are  dominated  by  annuals,  ruderals,  and  unpalatable  perennials.   These 
less  desirable  plants  often  afford  little  protection  to  the  soil.   Lit- 
ter cover  is  lessened  as  the  litter  is  pulverized  and  trampled,  and  the 
soil  may  be  compacted  with  an  attendant  increase  in  soil  erosion.   In 
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time  the  canopy  is  opened  by  the  continued  destruction  of  aspen  repro- 
duction which  may  eventually  result  in  conversion  to  a  herbaceous  type 
(fig.  1). 

At  present  only  a  few  ranges  in  good  condition  and  a  number  of 
small  scattered  areas  that  have  escaped  severe  grazing  because  of  inac- 
cessibility reveal  the  true  potentiality  of  the  aspen  type.   On  ranges 
that  are  improving  from  a  depleted  condition,  evidence  of  increase  of 
the  more  palatable  species  listed  above--Aster ,  Heracleum,  Mertensia, 
Osmorhiza,  Valeriana,  grasses,  and  sedges--is  usually  to  be  found.   It 
is  important  to  remember  that  a  mixed  composition  is  desirable  and  natu- 
ral for  the  aspen  type.   Dominance  by  a  single  species  or  very  few  spe- 
cies (see  fig.  3)  is  usually  a  sign  of  overgrazing. 

The  aspen  type  is  temporary,  ecologically  speaking,  being  brought 
into  prominence  by  fire.  Aspen  will  in  time  be  succeeded  by  conifers, 
usually  alpine  fir,  Engelmann  spruce,  Douglas-fir,  or  white  fir. 

Succession  to  conifers  has  a  marked  influence  on  site  characteris- 
tics.  The  litter  layer  becomes  deeper  and  different  in  character.   Less 
light  and  moisture  reach  the  lower  levels  of  the  stand  because  of  greater 
interception  by  the  conifer  crowns.   It  is  probable  that  consumptive  use 
of  soil  moisture  is  substantially  changed,  although  how  it  is  changed  is 
not  yet  known.   Succession  to  conifers  also  results  in  a  considerable 
lowering  of  the  grazing  capacity  of  the  type  by  changes  in  species  com- 
position of  the  understory  vegetation  and  lessening  of  production. 

Aspen  Openings 

In  the  natural,  ungrazed  state,  differences  between  the  herbaceous 
vegetation  of  openings  and  understory  are  probably  minor.   Where  mate- 
rial differences  are  found  in  species  composition,  vegetal  and  litter 
cover  and  soil  compaction,  they  are  probably  related  to  a  tendency  for 
animals  to  concentrate  in  the  openings.   It  is  probable  also  that  vege- 
tation of  the  openings  recovers  more  slowly  than  under  the  aspen  canopy 
because  of  greater  insolation  and  higher  rate  of  evaporation. 

For  these  reasons  openings  in  the  aspen  type  are  considered  the 
key  areas.   Key  areas  are  defined  as  those  parts  of  the  range  that  carry 
the  bulk  of  the  grazing  load,  that  are  naturally  grazed  more  heavily  by 
livestock  than  the  range  as  a  whole,  or  that  are  particularly  liable  to 
damage  by  grazing  and  trampling.  (Very  small  areas  where  livestock  con- 
centrate excessively,  as  on  salt  grounds,  at  fence  corners,  or  near  per- 
manent water,  are  not  to  be  considered  key  areas.)   If  the  key  areas  can 
be  so  managed  as  to  maintain  their  soil  stability  and  forage  productivity, 
and  improve  in  condition,  the  less  heavily  grazed  portions  of  the  range 
and  those  less  susceptible  to  damage  may  also  be  expected  to  improve. 

CONDITION 

Range  condition  has  been  defined  as:   "...range  health;  it  is 
the  relative  position  of  a  range  with  regard  to  a  standard  set  up  by 
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management  objectives  within  the  practicable  potentialities  of  the  site. 
Satisfactory  condition  requires  vegetation  both  sufficiently  dense  to 
maintain  soil  stability  and  having  a  considerable  proportion  of  choice 
forage  species.   Unsatisfactory  condition  involves  either  vegetation  so 
sparse  as  to  permit  erosion  rates  greater  than  normal,  or,  if  sufficiently 
dense  to  prevent  erosion,  a  preponderance  of  undesirable  species" (11). 

Criteria  of  Condition 

In  this  publication  the  gamut  of  aspen  range  condition  is  arbi- 
trarily divided  into  five  classes:   excellent,  good,  fair,  poor,  and 
very  poor--based  on  amount  of  cover,  kind  of  vegetation,  amount  of  total 
herbage  production,  degree  of  erosion,  and  presence  or  absence  of  aspen 
reproduction. 

Cover 

The  higher  percentages  of  plant  and  litter  cover  are  directly  asso- 
ciated with  better  range  condition,  and  the  lower  percentages  of  cover 
with  poorer  range  condition.   Cover,  as  the  term  is  used  here,  refers  to 
the  proportion  of  ground  overshadowed  by  plants  5  feet  or  less  in  height, 
plus  that  proportion  not  overshadowed  by  plants  but  covered  by  litter. 
When  the  proportion  of  bare  ground  is  added  to  these,  the  total  is  100 
percent.   Since  this  concept  of  cover  differs  from  some  others  commonly 
used,  it  will  be  well  to  describe  in  some  detail  how  it  is  determined. 
These  proportions  are  determined  by  viewing  all  components  vertically, 
visualizing  them  as  reduced  to  a  flat  plane  on  the  ground  surface,  as  if 
in  a  vertical  photograph.  The  projection  to  the  ground  surface  of  each 
living  plant  part,  no  matter  how  small,  or  of  each  fragment  of  dead  plant 
material  not  already  covered  by  leafage,  contributes  to  the  respective 
totals  of  plant  and  litter  cover.   Similarly  the  openings  between  leaves 
and  litter  through  which  bare  ground  can  be  seen,  no  matter  how  minute 
these  may  be  individually- -and  they  are  usually  to  be  found  even  with 
very  dense  cover — are  totaled  to  give  the  estimate  of  the  proportion  of 
bare  ground.   Usually  there  is  a  natural  tendency  to  ignore  openings 
where  the  cover  is  dense,  and  to  ignore  litter  when  it  consists  of  scat- 
tered fragments  where  the  ground  is  nearly  bare,  which  must  be  guarded 
against.   Objective  training  in  estimating  cover  in  accordance  with  this 
concept  is  provided  by  use  of  the  point  analyzer  (l) ;  such  training  helps 
overcome  these  errors  of  omission. 

Species  Composition 

Species  composition  expresses  the  proportions  of  the  various  spe- 
cies of  grasses,  forbs,  and  shrubs  that  constitute  the  aspen  understory 
or  the  vegetation  of  openings.   It  is  determined  in  the  same  manner  as 
plant  or  litter  cover,  that  is,  on  the  basis  of  projection  of  foliage. 
While  plant  cover  is  only  one  of  the  constituents  of  ground  cover,  it  is 
regarded  as  100  percent  for  the  purpose  of  expressing  species  composi- 
tion. Thus  a  certain  area  may  be  covered  45  percent  by  live  vegetation, 
and  perhaps  15  percent  by  litter,  with  the  remainder  bare  ground,  but 
the  45  percent  is  considered  to  be  100  percent  of  the  species  composition. 
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Then  each  species  contributes  a  percentage  toward  this  total  of  100  per- 
cent. 

For  use  as  indicators  the  plant  species  are  divided  into  five 
groups.   It  should  be  understood  that  these  groups  are  somewhat  arbi- 
trary and  that  the  individual  species  in  a  group  characterizing  a  cer- 
tain range  condition  class  are  not  confined  to  that  class  but  may  also 
be  found  in  others.   Thus  annuals  may  be  found  in  small  amounts  on  aspen 
range  in  good  condition,  and  some  of  the  more  desirable  plants  may  be 
found  on  range  in  poor  condition.   Some  species  may  persist  for  years 
though  conditions  are  no  longer  favorable  for  them;  as  Rudbeckia  may  per- 
sist as  the  range  recovers  from  past  misuse  and  Mertensia  or  Bromus 
carinatus  even  under  overuse.   Also  several  of  the  plants  of  Group  2-- 
Agastache,  Agropyron,  Bromus,  and  Elymus- -usually  make  up  a  considerable 
portion  of  the  vegetation  in  excellent  condition  class,  although  they 
are  most  abundant  in  good  condition  class. 

The  species  that  are  found  on  range  in  excellent  to  good  condi- 
tion, and  that  are  practically  absent  from  range  in  poor  condition  are 
all  tall,  succulent,  highly  palatable  plants  that  usually  disappear  under 
heavy  grazing.   These  plants,  placed  in  Group  1,  are: 


Aconitum  columbianum 
Aster  engelmanni 
Delphinium  spp.  (tall) 
Heracleum  lanatum 


Mertensia  leonardi 
Osmorhiza  occidentalis 
Polemonium  f oliosissimum 
Valeriana  occidentalis 


The  species  most  abundant  on  range  in  good  to  fair  condition,  placed 
in  Group  2,  are: 


Forbs; 


Grasses: 


Agastache  urticif olia 
Aquilegia  coerulea 
Astragalus  convallarius 

diversif olius 
Balsamorhiza  sagittata 
Castilleja  spp. 
Crepis  acuminata 
Erigeron  spp. 
Galium  boreale 
Helianthella  unif lora 
Hackelia  f loribunda 
Hedysarxim  spp. 
Ligusticum  porteri 
Lupinus  spp. 
Phacelia  heterophylla 
Senecio  serra 
Smilacina  stellata 
Thai ict rum  f endleri 
Trif olium  spp. 
Vicia  americana 
Viguiera  multiflora 


Agropyron  sub secundum 
Agropyron  trachycaulum 
Bromus  carinatus 
Carex  spp. 
Elymus  glaucus 
Festuca  idahoensis 
Festuca  ovina 
Hordeum  spp. 
Koeleria  cristata 
Melica  spp. 
Phleum  alpinum 
Poa  spp"^  (tall) 
Stipa  Columbiana 
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The  species  most  abundant  on  range  in  fair  to  poor  condition, 
placed  in  Group  3(fig.  5),  are: 


Forbs: 

Aster  spp.  (except 

A.  engelmanni 
Agoseris  spp. 
Allium  spp. 


Grasses; 


Festuca  thurberi 
Muhlenbergia  montana 
Poa  spp~  (low) 
Trisetum  spicatum 


Delphinium  spp.  (low) 

Fragaria  spp. 

Gentiana  spp. 

Geranium  spp. 

Hydrophyllum  spp. 

Lathyrus  spp, 

Osmorhiza  obtusa 

Penstemon  spp. 

Plantago  tweedyi 

Polemonium  alb if lo rum 

Potentilla  spp. 

Ranunculus  spp. 

Rudbeckia  occidentalis 

Rumex  spp. 

Senecio  spp.  (except  S_.  serra) 

Wyethia  amplexicaulis 

Valeriana  edulis 

Viola  spp. 

The  species  most  often  found  on  range  in  very  poor  condition  in- 
clude mat-formers,  those  that  normally  occur  on  warm,  dry  sites,  ruderals, 
annuals,  and  ephemeral  species  that  dry  up  and  so  give  little  protection 
to  the  soil,  and  in  general,  plants  of  low  palatability.  These  species 
(Group  4)  are: 


Shrubs : 

Amelanohier  spp. 
Pachistima  myrsinites 
Populus  tremuloides 

reproduction 
Prunus  spp. 
Sambucus  spp. 
Salix  spp, 
Symphoricarpos  spp. 


Annual  species: 


Rhizomatus  species; 


Amaranthus  retrof lexus 
Chenopodium  album 
Collins ia  tenella 
Gollomia  linearis 
Descurania  ino isa 
Galium  bif olixom 
Gay ophy turn  ramosissimum 
Lepidium  densiflorum 
Madia  glomerata 
Nemophila  breviflora 
Orthooarpus  tolmiei 
Polygonum  douglasii 


Achillea  lanulosa 
Artemisia  discolor 


Species  of  warm,  dry  sites: 

Arab is  spp. 

Eriogonum  heracleoides 
Gilia  aggregata 
Stipa  lettermani 


-7- 


Ruderal  species: 


Others; 


Cirsium  spp. 
Lactuoa  scariola 
Malva  rotundif olia 
Oenothera  flava 


Taraxacum  officinale 
Tragopogon  pratensis 


Artemisia  spp.  (woody) 
Astragalus  spp,  (except  A. 

convallarius  diversif olius) 
Chr ys o thamnus  spp. 
Frasera  speciosa 
Helenium  hoopesii 
Mahonia  repens 
Pteridium  aquilinum 
Rosa  woodsii 
Stellaria  jamesiana 
Urtica  gracilis 
Veratrum  californicum 


Several  of  the  species  encountered  on  aspen  range  seem  to  have  no 
relation  to  any  particular  range  condition,  but  occur  as  commonly  on 
better  as  on  poorer  ranges.   These  species,  and  those  for  which  there  is 
insufficient  information  for  more  definite  assignment,  are  included  in 
Group  5: 


Forbs: 


Grass; 


Corallorrhiza  spp. 
Epilobium  angustif olium 
Lithophragma  spp. 
Scrophularia  spp. 
Thlaspi  glaucum 


Calamagrostis  rubescens 

Shrubs : 

Ribes  spp. 
Vaccinium  spp. 


It  is  difficult  to  use  Groups  2  and  3  as  indicators  because  their 
proportions  first  increase  as  range  condition  declines  and  then  decrease 
as  condition  becomes  poorer.   For  this  reason  Group  2  is  used  as  an  indi- 
cator only  in  conjunction  with  Group  1,  and  then  only  in  the  poorer  con- 
dition classes,  and  Group  3  is  not  used  in  "very  poor"  condition  class. 

Aspen  Reproduction 

The  presence  or  absence  of  aspen  reproduction  has  long  been  used  as 
an  indicator  of  range  condition-   If  aspen  reproduction  was  present,  the 
range  was  considered  in  satisfactory  condition;  if  absent,  in  unsatis- 
factory condition.   There  are  several  factors  other  than  grazing,  however, 
that  influence  reproduction  of  aspen.   It  has  been  commonly  observed  that 
dense  aspen  stands  usually  produce  few  sprouts,  while  open  stands  usually 
produce  many  more.   A  recent  study  (13)  showed  that  the  presence  of  her- 
baceous and  shrubby  vegetation  in  and  near  aspen  stands  may  have  a  defi- 
nite effect  on  reducing  aspen  reproduction.   Also  another  study  (12) 
indicated  that  several  species  are  more  palatable  than  aspen  sprouts, 
and  the  range  could  be  overgrazed  from  the  standpoint  of  these  species 
without  materially  affecting  the  aspen.   For  these  reasons  the  simple 
presence  or  absence  of  reproduction  is  not  a  reliable  indicator  of  range 
condition.   If  little  reproduction  is  present,  and  it  can  be  determined 
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that  its  absence  is  due  solely  to  grazing,  then  this  absence  is  an  indi- 
cator of  unsatisfactory  range  condition  If  the  absence  of  reproduction 
is  not  due  to  grazing,  or  abundant  reproduction  is  present,  then  no  par- 
ticular condition  class  is  indicated. 

Production 

While  there  is  a  tendency  for  high  production  to  be  associated  with 
good  range  condition  and  low  production  with  poor  range  condition,  many 
exceptions  will  be  found.   Production  in  any  one  condition  class,  depend- 
ing on  the  species  composition,  often  varies  as  much  as  600  to  2,200 
pounds  (air-dry)  per  acre.   Species  of  different  indicator  groups-- 
Agropyron,  Bromus ,  Lathyrus ,  Rudbeckia,  and  Sambucus--are  particularly 
productive  and  may  influence  total  production  greatly.   For  these  rea- 
sons high  total  production  may  be  misleading.   Only  lov/  production  is 
used  here  as  an  indicator.   If  production  drops  below  850  pounds  per 
acre,  condition  is  considered  to  be  no  better  than  "poor,"  and  if  it 
drops  below  500  pounds,  condition  is  indicated  as  "very  poor." 

Erosion 

Observable  evidence  of  erosion  in  the  aspen  type  is  used  as  an 
indicator  of  poor  or  very  poor  range  condition.   Slight  erosion  is  de- 
fined as  evidence  of  erosion  that  is  apparent  for  only  a  short  time-- 
e.g.,  rill  marks--and  often  occurs  in  patches,  while  marked  erosion  is 
defined  as  permanent  evidence--e .g.  pedestalled  plants,  gullies--over  a 
considerable  area.   If  observable  traces  of  erosion  are  present  the  range 
can  be  no  better  than  poor,  but  lack  of  erosion  does  not  in  itself  indi- 
cate any  condition  class.   Aspen  understory  range  particularly  may  be  in 
unsatisfactory  condition  with  no  apparent  soil  erosion. 

A  Guide  to  Condition  Classification 

In  table  1  the  five  condition  classes  are  set  against  eight  indi- 
cators of  condition.   In  appraising  condition  on  a  particular  area,  each 
indicator  is  considered  in  turn  and,  insofar  as  it  applies,  a  tentative 
condition  class  is  derived  from  it.   Under  some  circumstances  different 
indicators  will  indicate  different  tentative  classes.   When  this  occurs, 
the  final  judgment  is  the  lowest  condition  class  indicated.   It,  is  be- 
lieved that  sounder  judgment  of  range  condition  can  be  achieved  in  this 
way  than  by  "averaging"  tentative  classes. 

Though  the  openings  are  usually  key  areas  in  the  aspen  type,  it  is 
desirable  to  make  observations  in  the  understory  as  well.   On  large  areas 
of  continuous  aspen  forest  the  key  areas  may  be  understory.   Furthermore 
the  first  signs  of  range  improvement  usually  show  up  in  the  understory, 
sometimes  far  in  advance  of  their  appearance  in  the  openings.   In  any 
event  a  blanket  rule  will  not  do:   observations  need  to  be  made  on  each 
range  to  determine  the  key  areas. 
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Table  1- --Guide  for  use  of  aspen  range  condition  indicators  in  the  Inter- 
mountain  region 


Indicator 


Condition  class 


Excellent   Good 


Fair 


Poor 


Very  poor 


1.  Group  1  species, 

percent 

2.  Group  2   species, 

percent 

3.  Group  3  species, 

percent 

4.  Group  4  species, 

percent 

5.  Cover,  percent 

(vegetation  plus 
litter) 

6.  Presence  of  aspen 

reproduction 

7.  Erosion 


50-100    25-49    25-100 


1/- 


0-10 


0-5 


25-100 


11-25    26-45 


6-15 


16-35 


90-100    75-89    55-74 


Less 

Less 

than  25 

than  25 

Less 

Less 

than  25 

than  25 

46-100 


36-54 


40-54 


55-100 


0-39 


Absent, due  Absent, due 
to  grazing  to  grazing 


Slight 


Marked 


Production,  lbs. 
per  acre,  air-dry  850+ 


850* 


8504 


500-850 


0-500 


1/  Blank  indicates  that  a  particular  indicator  is  not  used  in  that  con- 
dition class 

To  illustrate  the  use  of  the  condition  guide  and  its  application  to 
key  openings  as  well  as  to  understory,  adjacent  aspen  opening  and  under- 
story  ranges  actually  encountered  in  the  field  during  the  course  of  this 
study  v/ill  be  described  (table  2). 

Area  X 

The  aspen  understory  at  this  site  has  a  very  high  proportion  of 
Group  1  species,  moderate  amounts  of  Group  2  and  3  species,  and  only  a 
small  amount  of  Group  4.   Referring  to  table  1,  it  is  evident  that  spe- 
cies of  Groups  1  and  4  indicate  "excellent"  condition  while  species  of 
Group  3  indicate  "good."   On  this  range  two-thirds  of  the  ground  surface 
is  covered  with  vegetation  and,  when  litter  is  combined  with  this,  the 
ground  cover  is  almost  complete,  indicating  a  condition  class  of  "excel- 
lent." Since  production  amounts  to  almost  a  ton  per  acre,  no  erosion  is 
evident,  and  some  aspen  reproduction  is  present,  there  is  no  indication 
of  "poor"  or  "very  poor"  condition.   In  view  of  the  rule  of  conservative 
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classification,  the  final  condition  class  indicated  is  "good."  Figure  2 
is  a  photograph  of  this  site. 

Table  2. --Plant  composition,  cover,  and  production,  degree  of  erosion, 
and  presence  of  aspen  reproduction  in  three  aspen  understory  stands 
and  openings  adjacent  to  them 


Indicator 


Area  X 


Area  Y 


Area  Z 


Under- 
story 


Open 


Under- 
story 


Open 


Under- 
story' 


Open 


Percent 


Percent 


Percent 


Species  Composition 

Group  1 

Delphinium  barbeyi 
Heracleum  lanatum 
Mertensia  leonardi 
Osmorhiza  occidentalis 
Polemonium  f oliosissimum 

Total 

Group  2 

Agastache  urticif olia 
Agropyron  trachycaulum 
Bromus  carinatus 
Carex  spp. 
Erigeron  speciosus 
Galium  boreale 
Lupinus  spp. 
Senecio  serra 
Smilacina  stellata 
Thalictrum  f endleri 
Stipa  Columbiana 
Vicia  americana 
Viguiera  multif lora 

Total 

Group  3 

Agoseris  pumila 


Geranium  s 

pp. 

Lathyrus  1 

eucanthus 

Osmorhiza 

obtusa 

Penstemon 

spp. 

Potentilla 

-  spp. 

Rudbeckia 

occidentalis 

Rumex  mexicanus 
Sambucus  spp. 
Symphoricarpos  spp. 
Poa  pratensis 
Viola  spp. 

Total 


1 
40 
6 
7 
2 


56 


10 


7 
20 
12 


39 


3 

7 

- 

- 

T 

T 

2 

3 

T 

26 

3 

3 

— 

- 

2 

2 

- 

- 

13 

9 

- 

- 

- 

4 

- 

- 

7 

- 

- 

- 

- 

1 

- 

- 

T 

1 

6 

2 

T 

5 

— 

- 

2 

3 

1 

6 

3 

T 

_ 

2 

_ 

1 

43 


34 


33 


- 

- 

T 

1 

- 

- 

_ 

- 

5 

12 

4 

- 

2 

1 

- 

- 

T 

- 

1 

T 

T 

- 

5 

T 

_ 

- 

3 

23 

- 

- 

_ 

— 

T 

2 

- 

- 

- 

- 

30 

6 

8 

28 

- 

- 

- 

- 

- 

4 

T 

13 

- 

- 

- 

- 

16 

- 

T 

T 

41 

1 

_ 

- 

2 

1 

T 

5 

3 

- 

- 

- 

6 

8 

22 

14 
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42 

45 

64 

46 

Table  2.  (Continued) 


Indicator 


Area 

X 

Area 

y 

Area 

Z 

Under- 

Under- 

Under- 

story 

Open 

story 

Open 

story 

Open 

Percent 

Percent 

Percent 

3 

3 

T 

T 

- 

T 

- 

5 

- 

- 

- 

1 

T 

- 

1 

4 

- 

T 

4 

2 

2 

7 

T 

T 

2 

- 

2 

2 

- 

- 

- 

- 

T 

3 

- 

- 

T 

- 

T 

4 

2 

1 

T 

2 

2 

2 

T 

T 

14 

7 

20 

26 

2 

2 

23 

19 

27 

48 

8 

- 

- 

- 

T 

- 

68 

76 

57 

54 

44 

30 

26 

15 

2& 

26 

27 

20 

Group  4 

Achillea  lanulosa 
Artemisia  discolor 
Chenopodium  album 
Collomia  linearis 
Galium  bif olium 
Helenium  hoopesii 
Polygonum  douglasii 
Stellaria  jamesiana 
Taraxacum  officinale 

Total 


Group  5 

Cover 

Vegetation 
Litter 

Total 

Production  (lbs.  per 
acre,  air-dry) 

Degree  of  erosion 


Presence  of  aspen 
reproduction 


94 


91 


83 


80 


71 


1,960   4,150   1,200   1,850 
None   None    None   None 


Present 
in  mod- 
erate 
amount 


Present 
in  mod- 
erate 
amount 


50 


1,480    670 
None   None 

Absent 
due  to 
grazing 


Most  of  the  species  of  the  nearby  openings  are  about  evenly  divided 
between  Groups  1  and  2,  with  a  small  amount  of  Group  3  species  and  almost 
none  of  Group  4.   The  proportions  of  both  Group  1  and  3  indicate  "good," 
and  of  Group  4  "excellent,"  condition.   The  high  total  cover  also  indi- 
cates "excellent"  condition.   Again,  the  factors  of  production  and  ero- 
sion suggest  that  condition  is  neither  "poor"  nor  "very  poor."  The  final 
condition  class  indicated,  with  the  choice  between  "excellent"  and  "good," 
is  "good."  Figure  4  shows  an  aspen  opening  in  good  condition. 

Area  Y 

A  large  proportion  of  the  species  of  the  understory  stand  here  fall 
in  Groups  2  and  3,  v/ith  a  smaller  amount  of  Group  4  and  no  Group  1  spe- 
cies present.   The  percentage  figures  in  table  1  for  these  indicators 
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place  the  stand  tentatively  in  "fair"  condition  and  the  high  total  cover 
in  "good"  condition.   Since  production  is  above  850  pounds  per  acre,  aspen 
reproduction  is  present  in  moderate  amount,  and  no  erosion  is  evident, 
condition  is  probably  neither  "poor"  nor  "very  poor."  The  conclusion, 
then,  based  on  the  lowest  tentative  condition  class  indicated,  is  that 
this  understory  range  is  in  "fair*'  condition. 

The  species  composition  of  the  opening  is  very  similar  to  that  of 
the  understory,  but  includes  a  slightly  smaller  proportion  of  Group  4 
species.   The  composition  percentages  indicate  "fair"  condition.   The 
total  cover  of  this  opening  also  is  very  similar  to  that  of  the  adjacent 
aspen  understory  stand,  and  indicates  "good."  As  with  the  understory 
stand,  production  is  great  enough,  and  erosion  inconspicuous  enough,  to 
keep  this  opening  out  of  the  "poor"  condition  class.   Adopting  the  low- 
est tentative  value,  this  opening  is  concluded  to  be  in  "fair"  condition. 

A  comparison  of  the  opening  and  understory  stand  here  reveals  very 
little  difference,  except  a  somewhat  greater  production  in  the  opening. 
Figures  5  and  6  are  photographs  of  these  sites. 

Area  Z 

The  indicator  species  of  the  understory  stand  fall  most  in  Groups  3 
and  4,  very  few  in  Group  2,  and  none  in  Group  1.   The  proportion  of  Group 
3  species  indicates  "poor,"  and  of  Group  4,  "fair"  condition.   As  there 
is  less  than  25   percent  of  species  in  Groups  1  and  2, "poor"  or  worse  is 
indicated.   The  almost  three-quarters  total  cover  indicates  "fair"  con- 
dition.  There  is  fairly  high  production,  and  no  evident  erosion  on  the 
site,  indicating  neither  "poor"  nor  "very  poor."  The  absence  of  aspen 
reproduction  here,  which  from  the  evidence  of  utilization  is  known  to  be 
due  to  grazing,  indicates  "poor"  condition  at  most.   Although  several  of 
the  factors  indicate  "fair"  condition,  the  lowest  class  indicated--on  the 
basis  of  the  proportions  of  Group  1,  2,  and  3  species  and  the  absence  of 
aspen  reproduction--is  "poor, "  and  this  should  be  the  judgment  for  this 
aspen  understory  range. 

The  opening  includes  an  even  higher  percentage  of  Group  4  species 
than  the  understory.   Both  because  of  the  scarcity  of  Group  1  and  Group 
2  species  and  because  of  the  abundance  of  Group  3  and  4  species,  this 
stand  is  rated  tentatively  as  "poor."  About  one-third  of  the  ground  sur- 
face is  covered  by  foliage,  and  litter  between  the  plants  is  abundant 
enough  to  bring  the  total  ground  cover  up  to  50  percent,  indicating  "poor" 
condition.   Production  on  this  site,  which  is  only  half  as  great  as  on 
the  nearby  understory  site,  likewise  rates  "poor."  The  fact  that  no  evi- 
dence of  erosion  was  noted  probably  relates  to  the  fact  that  no  torren- 
tial storms  had  occurred  during  the  summer  in  which  the  site  was  examined. 
All  the  indicators  point  to  the  conclusion  that  the  final  rating  here  is 
"poor."  Figures  7  and  8  show  aspen  understory  and  an  aspen  opening  in 
poor  condition. 
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Procedure  in  Judging  Range  Condition 

Because  it  is  difficult  to  reconstruct  vegetation  accurately  after 
even  moderate  utilization,  and  almost  impossible  after  heavy,  the  best 
time  to  make  the  inventory  is  necessarily  after  vegetation  has  reached 
full  grov/th  but  before  the  area  is  grazed,  or  at  least  before  grazing 
has  materially  obscured  species  composition.   However,  since  the  primary 
reason  for  the  use  of  plant  cover  as  an  indicator  of  condition  is  its 
soil-protective  function,  and  since  cover  is  naturally  least  at  the  end 
of  the  grazing  season,  provision  should  be  made  to  examine  the  range  at 
a  later  date  also,  possibly  in  connection  with  observations  on  utilization, 
to  note  how  fully  vegetation  is  permitted  to  protect  the  soil. 

In  judging  range  condition  the  range  manager  must  select  an  area 
for  sampling  which  is  reasonably  representative  of  the  grazing  unit  to 
be  judged.   Usually  an  open  area  within  the  aspen  stand,  or  an  opening 
at  its  edge,  will  be  selected  as  the  key  area.   Cover,  plant  composition, 
erosion,  indicators  of  trends,  and  sometimes  production,  are  to  be  ob- 
served. 

To  make  the  observatioris ,  a  series  of  small  plots  is  laid  out  along 
a  transect  in  the  key  area.   The  plots  may  be  spaced  at  mechanical  inter- 
vals by  pacing  or  chaining,  and  may  be  marked  to  aid  in  relocation.   In 
any  event  the  individual  plots  should  not  be  consciously  selected. 

The  plots  should  be  small  enough  to  be  taken  in  at  a  glance--a 
square  or  circular  plot  of  9.6  square  feet  is  a  convenient  size  for  deter- 
mining both  cover  and  production.   A  central  hub  can  be  used  with  radius 
rods  to  define  a  circular  plot,  four  willow  sticks  can  be  used  to  outline 
a  square  plot,  or  a  wire  hoop  can  be  used. 

Ordinarily  20  plots  will  give  a  reliable  estimate  of  cover,  al- 
though in  some  instances  10  may  be  enough.   The  same  number,  at  least, 
will  be  needed  for  estimates  of  production,  if  such  estimates  are  to  be 
made.   Twenty  plots  will  ordinarily  give  a  good  idea  as  to  the  propor- 
tions of  the  major  species  in  the  stand,  but  they  must  be  supplemented 
by  observations  on  the  stand  as  a  whole  for  scarce  species  and  for  indi- 
cators of  erosion  and  of  vegetal  trend.   The  variations  in  results  between 
plots,  and  the  extent  to  which  the  average  becomes  more  stable  as  plots 
are  added,  are  the  best  guides  to  the  number  of  plots  needed  in  each  case. 

In  estimating  cover,  as  already  pointed  out,  care  should  be  taken 
to  prevent  bias  so  that  no  one  of  the  elements  of  bare  ground,  litter, 
and  living  plant  material  will  be  favored  over  others.   The  observer 
must  balance  these  three  values  in  his  mind  as  he  looks  down.   His  men- 
tal processes  are  fluid  as  he  considers  them,  and  may  be  something  like 
this:   "There  is  a  lot  of  bare  ground  on  this  plot — say  50  percent. 
There  is  more  leafage  than  litter — say  30  percent  leafage  and  20  percent 
litter.   No,  when  one  considers  the  scattered  grass  stems  on  that  seem- 
ingly bare  area,  litter  should  come  up  to  about  the  same  as  leafage-- 
make  them  30  and  30.   Then  we  must  bring  bare  ground  down  to  40  percent. 
Forty,  30  and  30--yes:   there's  about  a  third  more  bare  ground  than  either 

-14- 


leafage  or  litter,  those  two  are  about  equal,  and  together  they  cover 
about  half  as  much  surface  again  as  the  bare  ground."  Such  estimates, 
after  a  little  practice,  can  be  made  rapidly,  although  one  must  be  alert 
continually  against  bias,  either  in  favor  of  vegetation,  bare  ground,  or 
litter.   If  bias  can  be  minimized,  a  sounder  average  will  be  obtained 
from  approximate  estimates  on  many  plots  than  from  very  precise  estimates 
on  only  a  fev/  plots. 

On  these  same  plots,  estimates  of  vegetal  composition  should  be 
made  for  all  species.   Then  percent  composition  for  each  plot  can  be  bal- 
anced in  the  observer's  mind,  just  as  cover  values  are,  to  arrive  at  a 
total  of  100  percent.   The  names  of  other  species  having  indicator  value 
encountered  off  the  plots  should  also  be  listed,  but  no  percentages  are 
assigned  to  them. 

When  all  the  plots  have  been  examined,  the  observer  averages  the 
percentages  for  the  abundant  species,  and  these  averages  provide  a  basis 
for  the  estimate  of  percentage  composition  of  these  species  in  the  stand 
as  a  whole.   Those  species  that  make  up  less  than  half  of  one  percent 
are  marked  "T"  for  "trace,"  and  often  when  such  species  are  numerous,  a 
percentage  must  be  assigned  to  the  total  of  "T's."  After  arriving  at 
these  percentage  figures  it  is  advisable  to  walk  back  through  the  stand, 
weighing  and  judging  them  by  simple  observation.  If  the  estimates  are 
obviously  wrong  in  any  respect,  it  will  be  necessary  to  correct  them  by 
supplementing  the  plots  with  another  series. 

Observations  on  erosion  should  not  be  confined  to  the  sample  plots. 
One  must  be  alert  over  the  entire  range  to  observe  such  indicators  as 
bare  areas,  trampling  displacement,  pedestalling  of  grasses,  rill  marks, 
blowouts,  and  gullies,  active  or  healed.   Similarly,  observations  on 
vegetal  trend  must  extend  beyond  the  sample  plots.   Indicators  to  be 
watched  for  particularly  are  ags-class  distributions,  accessibility  of 
palatable  species,  hedging  of  shrubs,  and  excessive  utilization  of  aspen 
reproduction.   These  indicators  of  ccndition  and  trend  are  described 
elsewhere  (3) . 

Insofar  as  using  this  guide  is  concerned,  there  is  no  need  to  esti- 
mate production  unless  one  wishes  to  distinguish  "fair"  from  "poor,"  or 
"poor"  from  "very  poor"  condition.   Indeed,  although  estimates  of  pro- 
duction are  desirable,  and  are  sometimes  of  great  help  in  arriving  at 
decisions  about  grazing  capacity,  it  cannot  be  said  categorically  that 
they  are  essential. 

An  appraisal  of  production  may  be  made  in  one  of  two  ways,  either 
by  clipping  all  the  herbage  from  carefully  measured  plots  and  weighing, 
or  by  estimating  weight  after  intensive  training  in  weight  estimation 
(5,  8).   With  either,  the  work  should  be  done  wden  the  vegetation  is  at 
the  height  of  its  development,  preferably  before  utilization  has  taken 
place.   If  some  vegetation  has  been  utilized,  an  estimate  of  the  amount 
removed  needs  to  be  added  to  the  production  values.   In  either  case,  too, 
samples  of  the  vegetation,  preferably  of  each  species,  must  be  air-dried 
to  provide  correction  for  moisture  content. 
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Finally,  a  word  should  be  said  about  records.   Much  work  is  wasted 
because  the  observer  was  in  too  great  a  hurry  to  write  out  a  full  account 
of  what  he  saw.   The  information  he  collects  should  be  neatly  recorded, 
fully  labeled,  with  dates,  names,  places,  and  units  of  measurement  ex- 
plained, and  carefully  preserved,  so  that  the  facts  can  be  reconstructed 
at  a  later  time,  either  by  himself  or  someone  else.   The  study  areas 
should  be  permanently  marked  in  the  field  and  described  in  the  notes  so 
that  they  can  be  relocated  easily.   One  of  the  best  ways  of  describing 
locations  is  by  marking  them  on  a  map,  if  a  map  of  2   inches  to  the  mile 
or  larger  scale  is  available.   The  individual  plots  need  not  be  perma- 
nently marked,  although  if  they  can  be,  so  much  the  better.   If  they  are 
not  marked,  the  direction  of  the  transect  line  along  which  they  are  laid 
should  be  given,  and  its  limits  should  be  stated:   this  will  insure  sam- 
pling the  same  area  on  later  visits. 
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Fig.  1.   Conversion  of  an  aspen  type  to  grassland  by  overgrazing.   Sheep 
grazing  on  this  poor  condition  aspen  area  is  so  heavy  that  vegetative 
aspen  reproduction  is  unable  to  "get  away."   The  older  trees  are  dying, 
probably  of  disease,  and  since  no  trees  are  replacing  them  the  stand  is 
doomed  to  extinction  unless  grazing  pressure  is  reduced. 
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Fig.  2.   A  virtually  undisturbed  aspen  understory  site.   A  dense  ground 
cover,  large  percentage  of  palatable  forbs,  no  undesirable  plants,  no 
accelerated  erosion,  and  high  production  combine  to  indicate  one  of 
the  most  productive  sites  in  the  aspen  type.   This  site  is  classified 
in  good  condition,  verging  on  excellent. 
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Fig.  3.   This  grass  understory  in  an  aspen  stand  has  been  regarded  as 
a  model  aspen  type.   Actually  in  only  fair  condition,  it  is  a  product 
of  class  overgrazing  by  sheep  with  the  elimination  of  desirable  forbs 
and  aspen  reproduction. 
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Fig.  U.   A  small,  good-condition  opening  in  the  aspen  type.   This  ooening 
combines  a  high  ground  cover  of  palatable  plants  with  a  small  percentage 
of  undesirable  plants,  high  production,  and  no  erosion.   Note  Heracleum 
lanatum  flower  heads.   Compare  this  picture  with  Fig.  2  and  note  small 
differences  between  good  condition  aspen  understory  and  opening  sites. 


Fig.  5.   An  aspen  understory  site.   This  range  is  heavily  used  by  cattle 
and  will  be  gone  over  by  sheep  later  in  season.   The  ground  cover  of 
57  percent  vegetation  and  26  percent  litter,  and  high  proportion  of 
mountain  brome  place  this  site  in  fair  condition. 
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Fig.  6.   An  aspen  opening  25  yards  east  of  site  pictured  in  Fig.  5-  This 
site  likewise  is  in  fair  condition.   It  is  described  here  under  Area  Y, 
opening. 


Fig.  ?•   An  aspen  understory  stand  in  very  poor  condition.   The  scanty 
vegetal  ground  cover,  high  proportion  of  annuals,  low  production,  and 
lack  of  aspen  reproduction  combine  to  form  one  of  the  poorest  aspen 
range  sites  in  the  aspen  type. 
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Fig.  8.   An  aspen  opening  in  very  poor  condition.  This  opening  is  dominated 
by  niggerhead  (Rudbeckia),  dandelion,  and  annuals,  with  extremely  low 
ground  cover  and  production.   The  adjacent  aspen  understory,  while  con- 
sisting of  much  more  vegetation  than  that  shown  in  Fig.  7,  is  still  in 
very  poor  condition.   Aspen  reproduction  is  entirely  utilized  each  year. 
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INTRODUCTION 

During  the  past  several  years,  many  foresters  have  participated  in 
forest  inventory  surveys  in  which  aerial  photographs  were  employed.  More 
and  more  of  them  have  come  to  appreciate  the  application  of  vertical  aerial 
photography  to  a  number  of  problems  in  forest  management  and  to  value  the 
aids  to  their  interpretation  which  have  been  developed.  This  appreciation 
stems  from  the  fact  that  the  judicious  use  of  aerial  photography  can  reduce 
the  costs  of  timber  surveys  substantially  or  permit  more  intensive  surveys 
than  would  otherwise  be  possible. 

With  some  knowledge  of  ground  conditions,  stereoscopic  examination 
of  suitable  photographs  reveals  a  number  of  recognizable  differences  in 
timber  stands  such  as  cover  type,  cutover  or  virgin  condition,  and  stock- 
ing and  volume  per  acre  class  to  name  a  few.  It  is  from  these  differences 
that  the  advantages  afforded  by  aerial  photography  are  derived.  Whether 
few  or  many  classes  or  subclasses  of  timber  stands  are  recognized  and 
whether  great  precision  in  delineating  them  is  possible  or  not,  a  strati- 
fication of  the  timber  is  achieved.  Within  a  stratum  (class  of  subclass) 
place-to-plaoe  differences  will  be  smaller  than  place-to-place  differ- 
ences for  the  entire  timberland  area  under  study,  making  it  possible  to 
obtain  a  relatively  reliable  estimate  for  a  given  stratum  from  a  com- 
paratively small  sample.  Taking  this  effect  into  account  for  all  strata, 
a  more  reliable  estimate  of  the  whole  can  be  obtained  from  a  considerably 
smaller  total  sample  than  would  be  necessary  if  the  timberland  were 
sampled  v/ithout  stratification.  While  relatively  expensive  field  work 
is  not  eliminated  by  the  emplojrment  of  aerial  photographs,  its  total 
amount  for  an  estimate  of  predetermined  reliability  is  reduced  appreciably. 

In  the  Intermountain  region  excellent  use  of  aerial  photography  is 
being  made  by  the  Southv/est  Idaho  Timber  Survey  and  the  national  Forest 
Survey  for  a  detailed  summarization  of  timber  resources  on  forest  lands . 
When  completed,  the  entire  program  for  timber  management  in  this  area 
will  be  strongly  influenced  by  the  estimates  obtained.  Collection  of 
information  for  other  special  problems  in  timberlands,  such  as  forest 
protection  planning  and  recreational  area  development,  is  being  expedited 
by  aerial  photography.  Rangers  can  find  use  for  their  files  of  prints 
in  familiarizing  themselves  with  their  districts,  in  certain  phases  of 
forest  protection,  in  outlining  land  ownership,  and  in  studying  timber 
distribution  on  sale  areas . 

More  intensive  use  of  aerial  photographs  by  rangers  to  obtain 
information  on  district  problems  is  desirable  and  could  be  promoted  if 
interpretation  aids  capable  of  being  employed  by  the  nonspecialist  were 
available.  One  type  of  aid  which  could  be  supplied  to  meet  this  require- 
ment is  the  stereogram,  a  series  of  which  picture  a  number  of  stand 


conditions  and  permit  interpretation  of  conditions  in  other  stands  by- 
comparison.  Interpretation  by  this  means  is  not  difficult  and,  with 
suitable  stereograms,  gives  good  results  even  though  the  rough  topogra- 
phy of  this  region  imposes  some  disadvantages  in  their  application. 

It  should  be  pointed  out  that  even  the  specialist  would  encounter 
difficulty  in  applying  some  interpretation  techniques  to  photographs  of 
the  rugged  topography  of  this  region.  While  the  comparatively  wide  spac- 
ing between  trees,  particularly  in  the  ponderosa  pine  type,  is  an  advan- 
tage in  determining  ground  surface  details,  rapid  changes  in  ground 
elevation  cause  wide  variation  in  scale  over  short  distances  and  compli- 
cate the  process  of  obtaining  tree  and  stand  measurements  by  such  aids 
as  the  parallax  wedge  and  shadow  scale.  Consequently  both  the  specialist 
and  nonspecialist  would  be  assisted  in  interpretation  by  stereograms . 

The  techniques  employed  in  the  installation  of  a  moderately  large- 
scale  experiment  in  the  conversion  of  virgin  ponderosa  pine  to  managed 
stands  on  the  Boise  Basin  Experimental  Foresti.'  may  suggest  adaptations 
or  improvements  for  use  by  others  engaged  in  forest  management,  adminis- 
tratively or  experimentally.  With  this  belief,  methods  and  results  are 
presented  here  with  sufficient  description  of  the  experimental  design  to 
clarify  the  problem. 

THE  PROBLEM 

This  experiment  is  an  adaptation  of  a  design  outlined  by  L.  I. 
Barrett—'  and  required  16  compartments  (minor  drainages)  in  virgin 
timber  in  the  ponderosa  pine  type,  with  each  compartment  containing  a 
minim\jm  of  10  acres  in  each  of  three  classes  of  initial  per-acr©  volume. 
The  problem  was  therefore  one  of  achieving  a  practicable  means  for 
stratifying  certain  areas  of  the  experimental  forest  supporting  virgin 
ponderosa  pine  into  three  volume  classes  and  then  delineating  compartments 
of  at  least  30  acres,  each  of  which  met  the  volume-class  requirements. 

PROCEDURE 

Compartment  Selection 

The  photographs  used  in  the  office  delineation  of  the  three  volume 
classes  and  subsequent  selection  of  suitable  compartments  were  9-inch 
X  9-inch  contact  prints  taken  by  the  Soil  Conservation  Service  in  1939 
with  a  "representative  fraction"^/  of  1/20,000. 


1/  Maintained  by  the  Intermountain  Forest  and  Range  Experiment  Station 
on  the  Boise  National  Forest  near  Idaho  City,  Idaho. 

2/  Then  (1950)  Chief,  Division  of  Forest  Management  Research,  U.  S. 
Forest  Service. 

3/  Average  scale  at  a  given  elevation  above  sea  level,  in  this  case 
about  5 , 000  feet . 
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Nine  locations  were  pin-pricked  on  these  photographs  within  the 
virgin-timber  portion  of  the  experimental  forest  to  sample  a  range  of 
stand  conditions  at  several  elevations .  These  points  were  readily 
located  on  the  ground  by  stereoscopic  inspection  of  the  photographs, 
and  a  sawtree  tally  made  at  each  point  on  a  one-half  acre  circular  plot. 
In  the  office,  the  volume  data  and  appearance  of  the  plots  under  the 
stereoscope  were  used  to  make  comparisons,  while  areas  supporting  volume 
classes  of  (l)  less  than  10  M  board  feet  per  acre,  (2)  10  to  20  M  b,  f . 
per  acre,  and  (3)  over  20  M  b .  f .  per  acre  were  sketched  on  the  photo- 
graphs for  the  portion  of  the  experimental  forest  in  the  ponderosa  pine 
type.-'   Topographic  features  were  used  in  sketching  in  the  compartment 
boundaries  to  make  each  minor  drainage  compartment  a  small  natural  logging 
unit.   A  transparent  templet  with  a  circle  enclosing  10  acres  at  1/20,000 
R.  F.  was  used  to  check  volume  class  acreages  in  each  compartment  and 
aided  in  eliminating  from  further  examination  those  compartments  which  did 
not  meet  requirements. 

It  will  be  appreciated  that  the  above  steps  served  mainly  to  narrow  the 
field  of  potentially  useful  compartments  to  those  which  merited  more 
intensive  exploration.  Being  largely  accomplished  by  office  work,  this 
procedure  saved  considerable  time  and  effort  that  would  otherwise  have 
gone  into  field  examination. 

To  obtain  data  for  checking  the  reliability  of  the  photo  inter- 
pretation on  the  remaining  compartments,  about  a  10-percent  cruise  of 
the  10  to  20  M  b.  f .  per  acre  volume  class  was  made  using  one-half -acre 
plots  distributed  with  as  little  bias  as  possible.  This  was  done  by 
pin-pricking  plot  centers  ortto  the  aerial  photos  through  a  nontransparent 
overlay  on  which  only  compartment  and  volume-class  boundaries  appeared. 
The  reasons  for  cruising  only  the  medium  volume  class  were:   (l)  A 
cruise  of  greater  intensity  could  be  made  if  efforts  were  concentrated 
in  one  volume  class  rather  than  spread  over  all  three;   (2)  if  the 
middle  volume  class  proved  to  be  delineated  with  sufficient  accuracy, 
the  heavier  and  lighter  classes  should  also  be  correctly  outlined. 

The  cruise  data  indicated  that  only  a  few  adjustments  in  volume 
class  lines  were  needed,  which  were  readily  made  by  using  nearby  plots 
as  stereogrammic  aids . 

Compartment  boundaries  and  volume -class  lines  were  located  on  the 
ground  by  using  a  transparent  overlay  and  stereoscopic  examination  of 
the  photographs.  Boundaries  were  marked  with  paint  and  traversed,  fol- 
lowed by  a  100-percent  cruise  of  each  volume-class  area.  The  purpose 
of  this  cruise  was  to  provide  a  high  degree  of  control  over  the  volume 
removals  to  be  made  in  attaining  the  desired  volume  reserves. 


4/  During  the  course  of  the  study  as  many  as  5  volume  classes  were 
delineated,  but  due  to  insufficient  representation  of  each  on  the 
study  area  it  was  decided  to  use  the  3  classes  described  here . 
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Iteigbt -Diameter  Data 

Because  the  physical  arraiigement  of  the  three  volume  classes  agreed 
with  the  expectation  that  the  heaviest  timber  stands  would  occur  in  gulch 
bottoms  and  lower  slopes,  medi\am  volumes  of  timber  on  middle  slopes,  and 
the  lightest  volumes  on  upper  slopes  and  ridges,  it  was  also  expected  that 
site  quality  differences  would  be  found  between  them  and  that  such  differ- 
ences should  be  reflected  in  the  local  volume  tables . 

Sample  trees  were  measured  for  total  height  and  diameter  in  each  of 
the  three  volume  classes  of  eight  compartments  .   Since  the  main  drainage 
of  the  experimental  forest  is  to  the  north,  the  compartments  selected  for 
this  sampling  represented  both  east  and  west  aspects .  Sample  trees  were 
obtained  along  a  north-south  line  through  the  middle  of  each  volume -class 
area  with  as  little  bias  as  possible  consistent  with  obtaining  a  full  and 
fairly  even  distribution  of  diameters . 

Height -diameter  data  were  plotted  and  curved  independently  for  each 
of  the  three  volume  classes.  When  compared,  it  was  found  that  no  curve 
intersected  or  touched  another  and  that  they  were  arranged  in  the  order 
of  the  volume  classes  they  represented  (fig.  1). 

RESULTS     .    ,-  -, 

Volume  Classes 

Volumes  per  acre  are  given  in  table  1  for  the  volume-class  areas 
which  were  cruised  100  percent.  Of  the  48  areas  cruised,  five  fell 
below  the  lower  limit  of  the  class  into  which  they  were  expected  to 
fall  but  only  two  of  these  missed  by  an  appreciable  amount.   In  one  of 
these  instances  heavy  Douglas-fir  mortality  which  occurred  after  the 
photographs  were  taken  contributed  to  the  overestimate . 

The  use  of  aerial  photographs  served  to  (l)  eliminate  a  large 
amount  of  field  work  which  otherwise  would  have  been  required  in 
inspecting  unusable  compartments,  (2)  stratify  the  timber  in  each  of 
16  compartments  into  three  volume  classes,  and  (3)  furnish  a  means  for 
locating  and  delimiting  volume-class  areas  on  the  ground. 

Volume-Site  Class  Relationship 

The  harmonized  height-diameter  curves  of  figure  1  indicate  that 
differences  in  site  quality  exist  between  the  three  volume  classes. 
However,  the  two  lower  curves  do  not  differ  as  markedly  as  the  upper  , 
curve  differs  from  the  middle  one.  Referring  to  site  quality  curves,— 
the  average  heights  of  mature  trees  show  that  the  lowest  volume  class 
is  medium  site  IV,  the  10  to  20  M  b.  f .  per  acre  class  is  good  site  IV, 
while  the  highest  volume  class  occurs  on  medium  site  quality  III. 


5^/  Meyer,  Walter  H.  Growth  in  selectively  cut  ponderosa  pine  forests 
of  the  Pacific  Northwest.  U.S.D.A.  Tech.  Bui.  407,  64  pp,  1934. 
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Figure  1. — Harmonized   total  height-diameter  curves  for  three 
volume-per-acre  density  classes. 
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Table  1. --Volume  per  acre  (Scribner)  for  volume -class  areasi'  cruised 


100  percent 

Volume  class 

Compartment 

Le 

ss  than 

10 

Mb.  f . 

10-20  Mb.  f . 

Over  20  U  b.  f. 

P 

er  acre 

per  acre 

per  acre 

Board  feet 

Board  feet 

Board  feot 

1 

7,500 

17,800 

23,700 

4A 

5,600 

14,700 

19,600 

4B 

6,300 

9,800 

30,200 

5 

4,700 

11,700 

26,400 

7 

3,700 

17,900 

34,700 

8A 

7,600 

17,800 

27,300 

8B 

5,100 

16,900 

25,500 

9 

6,100 

18,400 

26,100 

llA 

4,500 

19,400 

25,700 

IIB 

5,100 

16,900 

27,100 

15-16 

8,800 

16,000 

17,700 

17 

8,700 

16,100 

21,000 

20 

5,300 

13,200 

19,200 

24A 

5,400 

13,500 

21,000 

24B 

5,000 

16,300 

16,700 

28 

7,000 

16,300 

21,900 

1/  Total  area  involved  in  the  study  is  847  acres,  with  compartments 
~  ranging  from  32  to  79  acres.  Volume-class  areas  within  compart- 
ments range  from  8  to  33  acres . 


Although  the  purpose  of  the  delineation  procedure  was  to  separate 
volume  classes,  the  tree  height  data  show  that  a  separation  into  two 
site  quality  classes  was  made  at  the  same  time . 

Volume-Class  Stereograms 

Completion  of  the  inventory  cruise  on  many  of  the  volume-class 
areas  within  the  16  compartments  affords  a  series  of  examples  of  the 
appearance  of  ponderosa  pine  stands  for  several  volume-per-acre  cate- 
gories. These  are  shown  in  the  form  of  stereograms  in  figure  2  with 
pertinent  data  in  companion  table  2. 

For  the  illustration  of  some  of  the  structural  variability  of 
stands  averaging  up  to  20  M  b .  f .  per  acre,  paired  examples  are 
included;  higher  average  volumes  are  illustrated  by  single  examples. 
Stereograms  for  the  very  lightest  volumes  (below  9.2  M  b.  f .  per  acre) 
are  not  included  since  such  areas  are  easily  recognized  by  comparison 
and  most  often  include  areas  of  the  protection  type  along  ridges. 
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Average 
Stereo-  volume  per   No.  of     Percent    Acreage 
pair   acre  (M.B.F.  sawtrees  Douglas-fir  outlined 


Scribner) 

per  acre 

(by  volume) 

A 

9.2 

16.8 

2.9 

7.6 

B 

11.7 

1^.2 

i.a 

19.3 

C 

1^.^ 

19.1 

3.2 

2h.l 

D 

16.0 

2I1.5 

22.2 

6. a 

E 

19.6 

27.6 

5.9 

11.^ 

F 

21.0 

32.3 

20.3 

111. 7 

G 

2^.5 

27.8 

7.0 

13.0 

H 

30.2 

22.6 

11.9 

12.2 

I 

3^.7 

31.6 

3.7 

ia.8 

Figure  2  and  Table  2.   Stereopairs  and  interpretation 
data  for  nine  volume-per  acre  classes  in  virgin 
ponderosa  pine.   North  is  to  left. 
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SUGGESTIONS  FOR  USE  OF  STEREOGRAMS 

As  indicated  by  the  height  data  within  volume  classes,  the  stereo- 
grams illustrating  volumes  below  20  M  b.  f .  per  acre  could  be  used  in 
delineating  areas  of  site  quality  IV  in  virgin  ponderosa  pine  and  those 
for  areas  above  20  U  b .  f.  per  acre  as  guides  to  areas  of  site  quality 
III.  This  use  would  produce  a  division  of  timbered  areas  into  two 
strata  in  each  of  which  sampling  intensity  could  be  adapted  to  accuracy 
requirements.  However,  the  delineation  of  site  quality  classes  on  this 
basis  would  be  applicable  only  in  central  Idaho.  Still  more  advantageous 
use  of  stereograms  such  as  these  could  be  made  by  using  them  as  guides 
in  delineating  a  number  of  volume-class  areas.  This  procedure  would 
produce  more  and  narrower  strata  and  afford  the  opportunity  for  increas- 
ing sampling  efficiency  while  reducing  the  over-all  sampling  intensity 
required . 

For  example,  the  ranger  in  charge  of  a  sale  area  could  delineate 
as  many  voliime  classes  as  practical  directly  on  the  aerial  photographs 
of  the  area,  using  the  stereoscope  and  stereograms  and  taking  advantage 
of  his  familiarity  with  general  ground  conditions.   In  each  class  dis- 
tinguished, a  number  of  ground  sample  plots  could  be  selected  in  either 
of  two  ways:   (l)  by  pin-pricking  randomly  located  points  on  the  photo- 
graphs using  a  nontransparent  overlay  and  locating  them  on  the  ground 
by  inspection  of  the  photographs,  or  (2)  by  using,  on  the  ground,  some 
system  that  would  remove  personal  bias  in  locating  plots  and  using  the 
photographs  to  pin-point  the  photo  location  of  each  plot.  With  a 
little  experience,  pin-pricked  plot  centers  can  be  located  with  assurance 
on  the  ground  by  inspection  of  the  photographs  under  the  stereoscope. 
The  main  considerations  in  either  of  the  methods  suggested  above  for 
locating  plots  are  orienting  the  photographs,  being  able  to  estimate 
distances  on  them,  and  keeping  track  of  one's  position  on  the  ground 
and  on  the  photograph. 

Data  on  the  area  occupied  by  each  volume  class  would  best  be 
obtained  with  the  aid  of  a  reflecting  projector  in  the  office  where  a 
map  of  the  area  could  be  made  from  the  photographs  or  the  lines  on  the 
photographs  transferred  to  an  existing  map.   At  this  time  an  analysis 
of  the  plot  data  could  be  made  to  determine  the  need  for  further  ground 
sampling,  keeping  in  mind  that  a  point  in  sampling  intensity  will  be 
reached  beyond  which  added  sampling  will  be  uneconomical  in  comparison 
with  the  increase  in  accuracy  of  estimate . 

6/ 
Heath-  cites  instances  from  his  experience  with  timber  sales  in 

the  Southwest  where  he  used  techniques,  evidently  similar  to  those 

suggested  here,  and  obtained  estimates  of  cut  that  agreed  remarkably 

well  with  the  actual  cut. 


6/  Heath,  G.  R.   1953.   Simple  devices  aid  use  of  aerial  photographs 
Jour.  Forestry  51:  125-127. 
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Among  the  results  of  the  Southwest  Idaho  Timber  Survey  will  be 
planimetric  maps  showing  cover  types  and  their  status  in  considerable 
detail.  Within  a  type  the  classification  of  sawtimber  stands,  in 
order  to  conform  with  national  Forest  Survey  standards,  is  very  broad, 
including  volumes  per  acre  of  1,500  bd.  ft.  and  above.  This  is  further 
subdivided  into  areas  of  good,  medium,  and  poor  stocking  with  estimates 
of  average  volume  per  acre  and  species  composition  for  each.  These 
delineations  will  furnish  a  stratification  of  timberlands  which  can 
be  employed  advantageously  in  sampling  and  should  contribute  signifi- 
cantly to  more  economical  cruising  procedures.   An  additional  refine- 
ment which  would  lend  itself  to  still  further  economies  in  sampling 
would  be  the  use  of  stereograms  to  delineate  areas  of  different  volume 
classes  within  these  broader  strata. 

In  making  comparisons  with  these  stereograms,  differences  in 
the  density  of  tree  crown  cover  from  one  stereogram  to  another  should 
be  noted  as  well  as  general  tree  heights  and  crown  widths.  Where  low 
densities  of  tree  cover  occur  at  higher  elevations,  as  in  the  protec- 
tion type  and  its  intergradation  to  merchantable  stands,  apparent  tree 
sizes  may  be  exaggerated  due  to  nearness  to  the  camera  and  the  wider 
crowns  that  accompany  wider  spacing  of  stems.   Unless  this  effect  is 
considered,  the  tendency  will  be  to  overestimate  average  volumes.  As 
the  percentage  of  Douglas-fir  increases,  the  effect  is  to  lower  average 
volumes.  This  is  demonstrated  to  some  extent  in  the  data  accompanying 
the  stereograms  and  should  be  taken  into  account  v/here  this  percentage 
reaches  20  and  over. 

As  experience  is  gained  in  relating  ground  plot  data  to  the 
appearance  of  the  same  plot  on  the  aerial  photographs,  a  local  file 
of  photo  plots  with  accompanying  ground  cruise  data  can  be  built  up 
which  can  be  employed  in  a  sampling  design  similar  to  that  of  the 
national  Forest  Survey.  In  the  Survey  a  large  number  of  photo  plots 
are  interpreted  while  only  a  small  proportion  of  them  are  checked  on 
the  ground  to  provide  adjustment  factors  for  the  photo  plot  data. 

SUMLIARY 

Vertical  aerial  photographs  afford  the  means  for  making  eco- 
nomical and  accurate  surveys  of  timberlands  when  suitable  aids  are 
available  for  use  with  them.  Consequently  the  development  and 
application  of  such  aids  should  be  encouraged. 

To  suggest  ways  in  which  aerial  photographs  may  be  used  to 
obtain  data  on  localized  areas ,  the  procedure  followed  in  installing 
an  experiment  in  the  conversion  of  virgin  ponderosa  pine  to  managed 
stands  which  saved  considerable  time  and  effort  in  field  exploration, 
is  described.  The  volume -per -acre  classes  delineated  in  the  course 
of  this  work  were  found  to  bear  a  relationship  to  site  quality  classes 
III  and  IV  for  the  area  studied. 
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A  by-product  of  the  installation  work  is  presented  in  the  form 
of  nine  stereograms  showing  the  appearance  of  ponderosa  pine  stands 
ranging  in  average  volume  from  9.2  to  34.7  Mb.  f .  per  acre.   These 
stereograms  are  based  on  100-percent  cruises  of  the  areas  outlined 
and  afford,  because  of  their  size,  some  advantages  for  use  in  very 
rough  topography  not  provided  by  the  usual  plot-size  stereograms. 
Suggestions  for  the  use  of  those  and  similar  stereograms  for  improve- 
ment in  the  accuracy  and  economy  of  timberland  sampling  are  presented 
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1  Typical  lightning-caused  fires  in  northern  Rocky- 
Mountain  forests  (photograph)  viii 

2  In  critically  dry  weather  lightning  fires  like  this 
■  one  may  spread  rapidly  over  large  forest  areas 

(photograph)  2 

3  Lightning  fires  often  start  near  ridgetops  in  rough, 
mountainous  country  ;irfiere  control  operations  are 
difficult  and  expensive  (photograph)  2 

4  Lightning  fire  occurrence  on  lands  protected  by 
federal,  state,  and  private  agencies  in  the  12 

western  states,  1931-1953  3 

5  Lightning  fire  occurrence  in  national  forests. 

Region  1,  mid- July  1940  4 

6  Percent  of  lightning  fires  starting  in  each  2-hour 
period,  national  forests  west  of  Continental  Divide, 
Region  1  5 

7  Average  annual  number  of  fires  per  million  acres  by 
elevation  zones  above  sea  level,  national  forests  west 

of  Continental  Divide,  Region  1  6 

8  Forest-fire  lookouts  are  in  a  commanding  position  to 
observe  and  measure  clouds  (photograph)  10 

9  Location  of  1?  forest-fire  lookout  stations  partici- 
pating in  1954  cloud  survey  of  the  northern  Rockies    12 

10  In  the  cloud  survey,  fire  lookouts  record  the  action 
of  cumulus  clouds  from  their  initial  formation  through 
all  advanced  stages  that  occur  (photograph)  14 

11  The  firefinder  used  to  locate  forest  fires  is  also 
useful  in  determining  the  general  location  of  clouds 
(photograph)  15 

12  Plotting  cards  are  filled  out  at  lookout  stations 

and  are  later  pasted  on  analysis  maps  •  16 

13  Analysis  map  on  which  plotting  cards  of  clouds  and 
lightning  are  affixed  17 

14  Form  filled  out  each  day  at  cloud-survey  stations      19 

15  Radio  communication  enables  forest-fire  lookouts 
to  furnish  the  Skyfire  analysis  center  with 
pertinent  information  on  clouds  and  lightning 
(photograph)  20 

V. 


FIGURES   (Continued) 
Number  Title  Pag€ 

16  The  Munitalp  time-lapse  motion-picture  equipment  used 

at  fire  lookout  stations  for  cloud  photography  (photograph)       22 

17  Time-lapse  motion-picture  cameras  mounted  on  the  catwalk 
of  forest-fire  lookout  stations  are  in  an  ideal  position 
to  record  the  life  cycle  of  clouds  and  lightning  (photo- 
graph) 23 

IS       Spectacular  clouds,   such  as  these  cirrus  "streaks"  are 

often  associated  with  the  jet  stream  (photograph)  24 

19  Four  high-  and  middle-level   cloud  types  often  associated 

with  the  jet  stream  (photograph)  26 

20  Diagram  used  in  calculating  cloud -base  height  30 

21  An  abney  level  is  a  handy  tool  for  calculating  cumwlus 

cloud  heights  and  upper-cloud  velocities   (photograph)  34 

22  Chart  used  for  finding  the  velocity  of  clouds  with  an 

abney  level  36 

23  A  radioactive-tipped  probe  for  measurement  of  atmospheric 
electricity  is  mounted  on  the  150-foot  meteorological 

tower  at  the  Priest  River  Experimental  Forest   (photograph)         37 

24  Wide-angle  cloud  photo  of  the  type  taken  each  day  during 
the  1954  fire  season  at  the  U.  S.  Forest  Service  Aerial 

Fire  Depot,  Missoula,  Montana  (photograph)  39 

25  A  3-dimensional  photograph  pair  (photographs)  39 

26  The  mobile  meteorological  laboratory  can  measure  and 
record  many  atmospheric  factors  related  to  lightning 

fires   (photograph)  45 


VI. 


SUMMARY 

This  report  describes  the  factors  which  led  to  the  establishment 
of  Project  Skyfire  and  presents  the  first  results  of  ii:s  operation. 
Skyfire  is  a  program  designed  to  acquire  basic  scientific  information 
about  lightning  fires  in  western  forests,  the  atmospheric  and  cloud 
conditions  which  produce  them,  the  nature  of  the  local  weather  before, 
during,  and  after  their  occurrence,  and  the  possibility  of  modifying 
lightning  storms  by  cloud  seedingo 

The  Skyfire  cloud  sunrey  is  based  on  an  integrated  network  of 
mountain-summit  stations.  During  the  summer  of  1953  twenty-five  of 
these  stations  were  manned  by  forest-fire  observers  who  were  given 
special  training  in  cloud  identification  during  a  3-day  period  of 
intensive  instruction  just  prior  to  reaching  their  lookout  stations. 

The  area  covered  by  these  special  observations  consists  of  about 
20  million  acres  of  forested  mountains  in  eastern  Washington,  northern 
Idaho,  western  Montana,  and  northwestern  V/yoming.  In  this  region 
more  than  70  percent  of  the  forest  fires  are  caused  by  lightning. 

In  making  the  daily  cloud  surveys  a  simple  coding  system  was  used 
to  report  the  geographic  location  of  small  cumulus  clouds  and  their 
subsequent  life  cycle.  Data  were  also  obtained  on  middle  and  high 
clouds  in  order  to  study  the  relationship  of  certain  distinctive  cloud 
forms  and  characteristics  to  fire  weather  and  the  presence  oi*  absence 
of  a  jet  stream  in  the  vicinity. 

At  key  mountain  locations  special  time-lapse  movie  cameras  were 
installed  to  obtain  typical  doud  records,  A  special  sphere  camera 
photographed  the  day -by-day  life  cycle  of  clouds  in  suspected  cloud- 
breeding  areas. 

The  resiilts  of  the  first  season's  operation  were  very  satisfactory. 
Preliminary  results  imply  a  good  correlation  between  certain  fast- 
moving  altocumulus  and  cirrus  clouds  and  the  presence  of  the  major 
axis  of  a  jet  stream.  Some  of  the  most  serious  of  the  lightning  fire 
outbreaks  showed  a  close  relationship  to  the  presence  of  a  jet  stream 
over  the  area.  More  than  2000  feet  of  time-lapse  cloud  movies  were 
obtained.  Some  of  these  indicate  the  importance  of  the  southwestern 
area  of  the  region  as  a  primary  source  of  the  fast-moving  type  of 
thunderstorm  which  sweeps  over  the  observation  area. 

Based  on  the -findings  of  the  1953  season  a  group  of  17  stations 
in  the  northern  Rockies  and  Oregon  operated  in  1954.  In  the  middle 
of  the  1954  fire  season  8  cloud  survey  stations  were  added  in  Califor- 
nia. Special  attention  was  given  to  suspected  cloud -breeding  areas. 
Improved  methods  of  reporting  cloud  observations  have  been  devised  and  a 
new  cloud  manual  made  available.  Special  reports  were  transmitted  over 
a  radio  network  to  permit  the  plotting  of  daily  cloud  maps.  Special 
weather  analyses  were  prepared  on  a  daily  schedule.  The  Munitalp- 
University  of  Washington-Forest  Service  mobile  weather  observatory 
was  employed  in  the  field  for  special  observations, 
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I.   THE  LIGHTNING  FIRE  PROBLEM 

Project  Skyfire  is  basic  research  of  the  atmosphere  and  its 
relation  to  lightning  fires  in  western  forests.  The  long-range 
objectives  of  Project  Skyfire  are  to  gain  a  better  understanding  of 
the  atmospheric  factors  influencing  the  occurrence,  behavior,  and 
control  of  lightning  fires  and  to  determine  the  feasibility  of  prevent- 
ing or  reducing  lightning  fires  through  cloud-modification  operations. 

LIGHTNING  FIRE  CHARACTERISTICS 

Lightning  fires  are  a  multimillion-dollar  problem  in  western 
forests  (figures  2  and  3)c   During  the  23-year  period  1931-1953  over 
134,000  lightning-caused  forest  fires  occurred  in  the  western  United 
States.   Nearly  2,000^000  acres  were  burned  by  these  fires.   In  the 
Rocky  Mountain  Si-ates  65  percent  of  the  forest  fires  are  lightning 
caused  (l_). 

The  number  of  lightning  fires  varies  widely  from  year  to  year 
(figure  4) o   The  great  variations  in  lightning-fire  occurrence  are 
due  both  to  the  individual  characteristics  of  lightning  storms  and  to 
the  dryness  of  fuels  in  the  storm  areas.  Some  lightning  storms  are 
accompanied  by  a  considerable  amount  of  rain  which  reduces  the  number 
of  fires  started,  but  a  more  common  pattern  in  western  forests  and 
especially  in  the  Rockies  is  for  very  little  rain  to  occur  with  the 
summer  storms.   Sometimes  relatively  mild  storms  can  produce  disastrous 
fire  situations  if  pre-  and  post-storm  weather  is  diy  and  windy.   In 
the  national  forests  of  vrestern  Montana  and  northern  Idaho  over  300 
lightning  fires  have  started  in  a  24-hour  period  (2)^      In  the  same  area 
daily  loads  of  50  or  more  lightning  fires  occur  in  every  month  from 
May  through  September  and  in  JvHy,   1940,  nearly  1500  fires  occurred 
in  a  10-day  period  (figure  5). 

Zones  of  lightning-fire  occurrence  have  been  determined  from 
studies  of  thousands  of  fires  (l_) ,   These  studies  have  shown  the 
ignition  rate  of  lightning  fires  by  time  of  day  and  elevation  zone  in 
the  northern  Rockies  (figures  6  and  7).  As  a  result  of  this  research 
the  general  trouble  spots  are  knoxvn  and  it  is  now  possible  to  proceed 
with  the  next  step  of  finding  and  recording  the  action  of  the  cloud- 
breeding  spots  for  these  areas. 

One  of  the  major  factors  in  lightning  fires  is  their  behavior  in 
the  initial  stages  following  ignition  (3.).   The  meteorological  factors 
associated  \\rith  lightning  may  either  favor,  or  retard  the  initial  rate 
of  spread  of  fires c  Moisture  accompanying  some  storms  retards  ignition 
and  initial  rate  of  spread.   In  some  cases  moisture  makes  the  fire- 
detection  job  difficult  because  of  the  tendency  for  the  fires  to 
smolder  and  show  little  smoke.  Later  v/hen  dry  weather  comes,  these 
fires  may  appear  unexpectedly  several  days  after  the  lightning  storm 
which  started  them.   Severe  downdraft  winds  are  frequently  associated 
with  lightning  storms.   These  winds  may  fan  freshly  started  fires,  blow 
sparks  from  strikes  in  snags  and  treetops,  and  scatter  burning  embers 
to  surrounding  fuels, 
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Figure  2.  In  critically  dry  weather,  ligntning  fires  like  this 
one  may  spread  rapidly  over  large  forest  areas. 


Figure  3.  Lightning  fires  often  start  near  ridgetops  in  rough, 
mountainous  country  where  control  operations  are  difficult  and 
expensive. 
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Figure  4.  Li^tning  fire  occurrence  on  lands  protected  by- 
Federal,  state,  and  private  agencies  in  the  12  western  states, 
1931-1953.   (Basis  13A,534  fires  reported  to  U.  S.  Forest 
Service  in  states  of  Montana,  Idaho,  Wyoming,  South  Dakota, 
Colorado,  New  Mexico,  Arizona,  Utah,  Nevada,  Oregon,  Wash- 
ington, and  California.) 
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THE  LIFE  CYCLE  OF  LIGHTNING  FIRES 

The  concern,  of  forest-fire-control  organizations   in  lightning  fires 
begins  v.o.th  the  prediction  that  a  storm  may  occur  and   continues   through 
the  vario-as   stages  of  cloud  development^   lightning   actionj   precipitation,, 
storm  dissipation,   and  post-storm  weather.     Documentation  of  the   complete 
life   cycle   cf  lightning  fires   including  pre-  and  post-storm  weather  and 
the  detaii.s   of  the   storm  itself  is   of  great  importance  in  the  develop- 
ment of  a  better  understanding  of  fire-control   requirements.      The  develop- 
ment of   such  life-cycle    information  is   one   of  the  prime  objectives   of 
Project  Skyfire, 

The  meteorological   factors  associated  with  lightning  are  complex 
and  not  fully  understood „      Continued  research   is   necessary  to  probe 
the  remaining  unknowns   of  lightning  phenomena o      Project  Skyfire  hopes 
to  provide  some   of  this   information  and  especially  that  related   to 
cloud  for-mation  over  the  western  mountains  o     Questions   to  receive  atten- 
tion inclijde;     When  and  lA^iere  do  cumulus   clouds   form?     l/fliat  are   the  most 
important  cloud--breeding  areas?     What  are  the  major  lightning-storm 
paths?     Wh^t  are  the  relationships   of   middle    and  high   clouds  to   the 
jet  streamj    and   the   jet  stream  to  lightning-fire  occurrence  and  behavior? 


THE  RESEARCH  OPPORTUNITY 

Progress  in  meteorology^  and  forestry  point  to  the  opportunities 
for  developing  better  methods   for  the   eontroi""-and  possibly  for  the 
preventioTi—of  lightning  fires.     More  knowledge   is  being   gained  of 
the  atmosphere—of  clouds  an.d  their  action^   of  hi^-altitude  winds j 
of  regional   .:;lijnatic  patterns^,    and   of  the   dynamics   of  weather. 
Experience  in  forest- -fire-control  operations  has   indicated  the  general 
characteristics  of  lightning  fires „     Recent  forest-fire  research  has 
provided  general   information  on  ^ijhen  and  where  lightning  fires   occur 
and  on  their  severity  according  to  fuel^   topographyj  and   surface 
weather  conditiono   (l_) . 

The   experiments   of  Project  Cirrus    (10c   12).   and  of  numerous 
industrial  and   commercial  meteorologists  have  demonstrated  that 
convective  clouds  may  be   altered  through  cloud --seeding  operations. 
Research  vjorkers   in  many  countries  of  the  world  are  performing 
theoretical,   and  experimental  research  on  -cloud  physics.     In  the 
United  States   thei'e  are  now  many  researcn  and    commercial   cloud- 
modification  programs   underwajr.     Research  has  been  started  on  hail 
prevention  through  cloud-modification  processes 5   this  may  be   closely- 
related  to  lightning  reduction.      Some   efforts   are  being  made   to  prevent 
lightning  storms  by  both  ground  and  aerial   seeding  operations. 

Forest-fire-control  organizations   in  the  western  United   States   are 
uniquely  equipped  to  assist  in  atmospheric  research.      Personnel  at  moun- 
tain-top forest-fire  lookout  stations  are  in  a   commanding  position  to 
make  regular  observations   of  clouds  and  ligntnLng  storms.     Likewise 
the  pilots.,   fire  observrers.,   and  smoke  jumpers  of  the  aerial  fire-control 


forces  can  assist  in  obtaining  information  needed  in  atmospheric  and 
lightning  fire  research.  Throughout  the  western  United  States  a  net- 
work of  fire-'weather  stations  provides  data  related  to  lightning  fire 
occurrence  and  behavior.  The  radio  communications  systems  of  fire- 
control  organizations  enable  rapid  transmission  of  lightnings,  cloud, 
and  general  fire-weather  reports  for  daily  analysis  by  research 
personnel „ 

The  over-all  impact  of  these  developments  in  meteorology  and 
forestry  is  the  creation  of  a  favorable  situation  for  atmospheric 
and  lightning  fire  research.  The  need  for  such  research  is  great 
and  the  opportunities  for  progress  are  equally  great o 


THE  EARLY  RESEARCH  EFFORTS 

In  1947  Mr.  Harry  Gisbornej  then  Chief  of  Fire  Research  at  the 
Northern  Rocky  Moiontain  Forest  and  Range  Experiment  Station  of  the 
Uo  S,  Forest  Service,  visited  Dro  Vincent  Jo  Schaefer,  then  a 
Research  Associate  at  the  General  Electric  Research  Laboratory, 
Schenectady,  New  York,  for  a  discussion  of  thunderstorms  and  the 
possibilities  of  preventing  their  formation,  Schaefer  told  Gisborne 
that,  based  upon  current  knowledge  and  the  new  discoveries  likely  to 
follow  the  intensive  research  effort  then  getting  underway,  there 
was  a  good  chance  that  one  could  hope  eventually  to  exercise  some 
degree  of  control  over  damaging  storms o  He  pointed  out  the  need 
for  acquiring  field  data  by  direct  observation  and  was  invited  to 
initiate  such  a  program  in  the  northern  Rocky  Mountains. 

In  J-oly  and  early  August  of  1948  Schaefer^,  Gisborne,  and  Barrows 
observed,  photographed,  and  measured  a  n\imber  of  thunderstorms  which 
occurred  in  the  Selkirk  Mountains  of  northern  Idaho,  In  a  report 
prepared  at  the  end  of  the  season  a  number  of  recommerKlations  were 
made  (15).  These  pointed  up  the  distinct  possibility  that  the  local 
sborms  migh"  be  modified  by  proper  seeding  methods  but  emphasized  the 
importance  of  gathering  much  more  field  data  by  mountain-top  observations. 

Some  of  these  recommendations  were  carried  out  during  19i+9 
but  the  observational  and  research  program  sui°fered  a  great  loss 
with  the  untimely  death  of  Harry  Gisborne. 
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THE  MUNITALP-FOREST  SERVICE  PROGRAM 

In  1952  the  Miinitalp  Foundation^    Inc,,   under  the  technical  direction 
of  Schaefer,    inaugurated  a  program  of    time-lapse  photography  of   clouds 
with  the   objective  of  acquiring  a  series  of  movies  which  would   show 
tjrpical   cloud  formations   in  various  parts  of  the  world.     As  part  of  this 
program  the    cooperation  of  the  U,   So   Forest  Sen/ice  was    sought  since 
it  was  felt  that  mountain-summit   fire-lookout   stations   would  be  excellent 
sites   for   obtaining  such  pictures.      Several  sites  were   selected  in  the 
national   forests  and  parks  of   the  Rocky  Mountains.      These  were   supplied 
with   time-lapse  movie  units   operated  by  local j   relatively  untrained 
personnel o      An  excellent  series  of  cloud  movies  were   obtained  during 
that  summer o      The   demonstration  that  good  results   could  be  achieved   in 
this   manner  revived  interest  in  the   lightning-storm  field   study o      As  a 
result  of  discussions   between  Barrovre  and  Jemison  of   the   Forest  Ser'/ice 
and   Schaefer  of  the  Mimitalp  Foundation  it  was   decided  to  establish  a 
cloud  survey  in  the  national  forests  of  western  Montanay   northern  Idaho 
and   eastern  VJashington. 

The   approach  to  the  lightning-storm  study  of   Project  Skyfire 
emphasizes  fundamental   investigations    of  cloud  types  and  structures 
and  the  related  properties  of   the   atmosphere  such  as  moisture,   nuclei, 
radiation,   wind,   and  atmospheric  electricity.     Many  of  these  data  can 
readily  be  gathered  at  fire-lookout  stations. 

The  facilities   established  for   lightning   research  also  provide 
opportunities   for  investigation  of   other  meteorological  problems 
associated  with  forest  fires.      Project  Skyfire   is   concerned  v\rith 
questions  such  as  the  forecasting  of  strong  winds j    the  relation  of 
high  clouds   and  jet  streams  to   surface   conditions;    and  the   study  of 
local  winds   and  convection.     An  important  facet  of   the   field  progi-'am 
is  the   development  of  new  cloud-survey  techniques   based  on  the   utilization 
of  networks   of  key  mountain-summit  lookouts. 


CLOUD  MODIFICATION 

Can  lightning   fires  be   prevented  or   reduced  through   cloud  seeding? 
The  final   objective  of  Project  Skyfire   is  to  evolve   some   sort  of 
practical  weather-control  method  decreasing   the   incidence  of  lightning 
fires.      In  working   toward  this   end  it  will  be   necessary   to  gain  con- 
siderable  quantitative  knowledge  of  particular  cloud-breeding   spots   in 
this  areaj    of   cloud  heights  and  trajectoriesj    of   condensation  and  freez- 
ing nuclei   counts,,   and  of  other  factors  v^hich   affect  the  grov;th  of 
thunderstorms.      In  addition^   analyses  will  be  undertaken  to  show  just 
how  these  factors   are  related  to  lightning.      For  such  purposes  the   cloud 
survey  will  be   continued  and  strengthened,   and   the  mobile  meteorological 
laboratory  will  be  regularly   employed.      As  with  any  rather  fundamental 
research  program  the  final   objective   is  not  the  only  goal;   the  measure- 
ments and  analyses  will  also  help  give  a  better  understanding  of  fire- 
weather  and  fire-behavior  problems,   and  provide  background  for  the 
investigation  of  characteristics  of  the   jet  streamo 
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Figure  8.     Forest-fire  lookouts  are  in  a  commanding  position  to 
observe  and  measure  clouds. 
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II.      THE  CLOUD  SURVEY 

During  the  forest-fire  seasons   of  1953  and  1954  the  Project 
Skyfire  cloud  survey  was  conducted  from  a  network  of  fire-lookout 
stations    (figure  8).      In  1953  the  survey  was  made  from  25  stations   in 
the  northern  Rockies,      In  1954  the  northern  Rocky  Mountain  network 
was  reduced  to  17  stations    (figure  9).     Eight  fire-lookout  stations  in 
California  commenced  cloud-survey  operations   during  the  latter  part  of 
the  1954  fire   season. 


CLOUD  SURVEY  OBJECTIVES 


'J 


Clouds  are  dynainic  indicators  of  weather.  They  are,  of  course, 
especially  related  to  lightning.  Clouds  can  be  of  assistance  in 
studying  wind  movement,  convection,  and  the  moisture  content  of  the 
atmosphere.  Observation  can  show  fairly  well  whether  the  cloud  is 
composed  of  ice  crystals  or  water  droplets  and  v;hether  the  atmosphere 
is  stable  or  unstable.  Keen  observation  of  clouds  may  assist  in 
evaluating  fire  behavior  (^ , 

The  specific  objectives  of  the  Project  Skyfire  cloud  survey 
are: 

1.  To  observe,  report,  and  map  the  development, 
movement  and  action  of  cumulus  clouds,  and 
high-  and  middle-level  clouds, 

2.  To  detect  any  cloud -breeding  sites  from  which 
lightning  storms  may  frequently  develop. 

3.  To  observe,  report,  and  map  lightning  occurrence 
and  intensity. 

4.  To  obtain  time-lapse  motion  pictures  of  clouds 
in  selected  areas. 

5.  To  observe  cloud  action  in  relation  to  other 
atmospheric  factors  and  especially  to  the 
weather  factors  influencing  forest-fire  danger. 
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CLOUD  SURVEY  METHODS 

Moiintain  tops  are  ideal  locations  for  making   cloud  observations. 
As  a  general   rule  the  area  under  observation  covers  a  radius  of  20 
miles  from  the  mountain  summit  although  clouds  may  often  be  seen  and 
identified  at  distances  in  excess  of  100  miles.     Thus  each  station 
observes  an  area  somewhat  in  excess  of  750^000  acres.     The  regions   of 
observation  from  certain  of  the  stations  overlap  slightly,  for   effec- 
tive coverage. 

During  the  summer  of  1953,   the   Skyfire  lookout  observers  were 
asked  to  fill  in  data  every  hour  (oftener  if  needed)   on  a  report  form 
to  record  cumulus  development,   upper-cloud  conditionj   aad  lightning 
activity.     At  specially  designated  times,    the  lookouts  radioed  or 
telephoned  a  "flash  report"   to  give  a  picture  of  the  cloud  situation. 
At  certain  of  the   stations  time-lapse  movies  were  taken  as  the 
meteorological  situation  warranted. 

For  cumulus    cloud  types    (figure  10),   the  information  required 
every  hour  and  at  every  major  v;eather  change  was:      type   of  cloud (s), 
direction  and  distance  from  the  lookout,   direction  of  cloud  motion, 
and  any  pertinent  notes.     For  upper-cloud  conditions,   information  was 
recorded  indicating  the  presence  of   cirrus,    cirrocumulus ,   altocumulus 
lenticular,    or  altocumTilus  billow  clouds,    a  rough   plot  of  where  the 
upper  clouds  existed  around  the  station,   a  check  if  the   clouds  extended 
horizon  to  horizon,    the   direction  of  cloud  motion  and   their  speed 
(fast  or   slow),  and  the  surface  wind  direction  and  speed.     For  light- 
ning activity/-,   the   number  of  strikes,    time,    and  direction  were  requested, 
Diiring  a  typical  day,   three  or  more  pages  of  data  would  be  accumulated 
from  each  lookout  observer. 

Measurement  apparatus   at  the  lookouts  consisted  mainly  of  a  fire- 
finder,    a  circular  map  table   on  which  was  mounted  a  rotating  azimuth 
indicator    (figure  11).      Some  of  the  firefinders  also  had  provision  for 
measurement  of    elevation.      The   eaves  of   the  lookout  station,   however, 
prevented  the  use   of   the  firefinder  on  any  clouds   except  those  at  low 
angular  elevations. 

Of  the   data  gathered,   the  most  precise  appear  to  be  the  locations 
of  the  first  cumulus    clouds.      The  lookouts   encountered  various  problems 
in  filling  out  the   forms,    and  the   training   and  followup  were   not  ade- 
quate to  rectify  all   troubles   completely.      Therefore   interpretation  of 
a  considerable  portion  of  the   data  was  difficult.      In  order  to  obtain 
better  data  and  ease  the  work  of  the  lookouts,    the  survey  techniques 
were  considerably  altered  for  the   1954  project  as  a  result  of  the  1953 
experiences.     For  the  1954  cloud  survey  the  following  preparations 
were  made; 

1.      A  cloud-observation  manual  was   prepared  to  provide   reference 
material  to  supplement  the  school  and  followup  training.      The   manuaJ. 
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Figure  10.   In  the  cloud  survey^ f fre  lookouts  record  the  action  of 
cumxilus  clouds  from  their  initial  formation  through  all  advanced 
stages  that  occur. 
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Figure  11,   The  firefinder  used  to  locate  forest  fires  is  also  useful 
in  determining  the  general  location  of  clouds. 


described  simple  techniques  for  cloud  measurements,  and  discussed  the 
appearance,  development,  and  characteristics  of  cumulus  and  upper  clouds. 
It  gave  photographic  examples  of  the  types  of  middle  and  high  clouds  to 
be  identified  in  the  survey. 

2,  A  more  detailed  operations  guide  was  drawn  up,  instructing 
the  lookouts  in  their  daily  duties. 

3.  Much  of  the  survey  information  was  put  on  cards,  on  which 
a  1-inch-radius  circle  represented  the  area  within  20  miles  of  the 
mountain  siommit.  Each  lookout  daily  prepared  (a)  a  card  showing  the 
first  cumulus  and  the  maximum  cumulus  activity,  (b)  a  card  showing 
all  lightning  activity,  and  (c)  three  cards  showing  the  upper-cloud 
condition  at  0800,  1200,  and  l600  M.  s.  t.  (figure  12).  Each  lookout 
marked  the  cards  with  the  same  type  of  pen.  The.  appropriate  cards 
were  later  affixed  to  analysis  maps  (figure  13). 
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CLOUD  SURVEY  PLOTTING  CARDS 


^^  1st  Cumulus  &  Time 
£11^  Cumulus  Area 
r\   Towering  Cumulus 
y^~^   Anvil  Tops  &  Virga 
V  Rain 
s<   Thunderstorm 


Cujnu/us  C/oac/  P/offJnij  Cor^ 


Numbers  refer  to  the 
four  predominant  types 
of  upper  clouds. 

Surface  wind  velocity 
and  direction. 5^ 


Cirrus 


■XXX^  Cirrocumulus 

m\  Altocumulvis  Billows 


Altocumulus 
Lenticular 


Indicates  velocity  & 
direction  of  upper 
clouds.  Number  above 
is  cloud  height  in 
units  of  1000  feet. 


N/^/f  y^9/f/^  MWa^/e  l£i/e/  P/o/^w^  0ara^ 


I'.umerator  gives 
number  of  strikes. 

Denominator  gives 
time . 

Enclosed  area  gives 
approximate  area  of 
strikes. 


l/^/ff/i/>t/f  P/off//7^  Car/:/ 


Figure  12.  Plotting  cards  are  filled  out  at  lookout  stations  and 
are  later  pasted  on  analysis  maps. 
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Figure  13.  Analysis  map  on  which  plotting  cards  of  clouds  and  lightning 
are  affixed. 
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4.  A  form  was  filled  out  daily  giving  details  of  the  information 
put  on  the  cards,  plus  a  more  complete  sky  picture  at  0800,  1200,  and 
1600  M.  s.  t.,  and  miscellaneous  notes  on  special  happenings  (hail, 
height  of  cloud  tops  during  precipitation,  etco).  Only  one  form  was 
required  per  day,  and  all  instructions  for  the  form  were  given  on  the 
front  side  of  the  page  as  shown  in  figure  14. 

5.  The  upper  clouds  were  divided  into  8  varieties  of  cirrus  (ice 
crystal  types),  3  varieties  of  cirrocumulus  (liquid  and  mixed  composition 
types),  6  varieties  of  altocumulus  (middle  level,  non-smooth  types)  and 

3  varieties  of  altocumulus  lenticulars  (middle  level,  wave  types )„  The 
tjrpes  are  clouds  common  in  the  Northwest  in  summer,  and  include  clouds 
associated  with  slow-moving  air  as  well  as  clouds  associated  with  fast- 
moving  air. 

6.  The  velocities  of  upper  clouds  were  measured  at  0800,  1200, 
and  1600  M.  s.  t,  with  an  abney  level,  a  watch,  and  a  velocity  chart 
(the  cloud  elevation  had  to  be  estimated), 

7.  To  aid  in  the  measurement  of  cloud  distances  and  heights, 
the  lookouts  were  provided  with  a  chart  for  estimating  the  height  of 
cumulus  cloud  bases  from  sxirface  diy-bulb  and  wet-bulb  temperature 
measurements,  and  were  given  an  adjustable  scale  to  use  with  the 
abney  leA^el  for  readily  relating  heights  to  distances. 

8.  Every  tenth  day  the  lookouts  were  asked  to  summarize  on  the 
back  of  the  daily  form  any  general  comments  they  had  concerning  the 
measuring  techniques,  cloud-breeding  areas,  etc, 

9.  The  "flash  reports"  of  1953,  which  gave  upon  demand  an 
instantaneous  picture  of  the  sky  condition  over  the  survey  area, 
were  expanded  in  1954  to  include  a  brief  radio  report  from  all 
stations  every  afternoon  (figure  15). 


TRAINING  CLOUD-SURVEY  PERSONNEL 

The  key  people  of  the  Project  Skyfire  cloud  survey  are  the  observers 
at  fire-lookout  stations.  Most  of  these  observers  are  temporary  employees 
of  the  Forest  Service  who  work  only  during  the  summer  months.   They  are 
selected  primarily  for  their  ability  as  observers  of  forest  fires  and 
for  their  adeptness  at  living  alone  on  a  mountain  top.  Very  few  of  the 
lookout  firemen  have  had  any  previous  experience  in  cloud  observation. 
Therefore,  training  of  the  observers  in  cloud  identification  and  the 
fxindamentals  of  cloud  action  is  an  essential  part  of  the  cloud-s\arvey 
program. 

In  1953  and  again  in  1954  a  special  3-day  training  school  was 
held  for  all  personnel  in  the  cloud-survey  netvrork.  These  schools 
stressed  identification  of  cumulus  clouds,  and  high-  and  middle-level 
clouds.  The  lookout  observers  were  also  given  instruction  in  measur- 
ing cloud  heights  and  speeds,  use  of  the  firefinder  in  cloud  location. 
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FORM      6 
RF  -  INT 
PREVENTION 
Project      Skyfire 


STATION    NUMBER         /^ 


STATION   NAME     Dc?uh/e     Arrov\/ 
DATE:  DAY   /^     MONTH  Su/c^       1954 
OBSERVER  DorGf^£y    To/j/or 


IMSTRUCTIOKS:      tLWAIS  PIU  Dl   Ui  SPACE,   USIKO 
A   DA3H   "-•  IJ-  «   KJMBH!  OR  LCTTai  13  AFPHOPRIATE. 
USK    Q    Vi  DBCTE  SKT  CLEAll  OP  CLOUDS  IN  THt 
PARTICULAS  CATBDORI.     USE     0   'O   DDCTI  CIvOUOS 
OBSCURE!.      A  WIGGU   LIW  UNDHi  A  NUKBHL  MSA1I3  THB 
WKBEX  13  VBOr  QUBST:oKABLE.COIISIDni  20  tCLE  RADIUS. 


0800.  I200.a  1600  WEATHER  RECORD 


CUMULUS    CONDITIONS 

Fill  in  second  cjid  third  Uom  for  •ach  otearrfttien  tU«, 
aa  r«quir«d  bj  ctnulus  tjpM  «nd  arsM. 


MOST  AIVANCED 
CUMULUS  TYPE 

1  CtatUus 

2  Towering  Cu 

3  Amll  topt 
^  Vlrga 

5  Rain 

6  Thunders tors 


0800 


0  800 


0800 


1200 


12  00 


1200 


AZIMUTH  (DEEREE3)  7C 
LffT  EKE  OF  COKUUIS 
OR  CUMULUS  AREA 


ESTIMATED  TDOCITT 
or  CUUD  MDTIOW  (MPH) 


OIRSTIOII  raoM 

WHICH  CLOUDS  >OVE 


IBT 

Time     Type 


Dir 


W 


W 


JZ 


Vel 


/O 


6 


overh 


AZmm  TO  RIGHT 
mOE.  CIRCLE  IT 
A2IMITH3  RETEX  TD 
IXDIVIDUAL  CLDUD 


Az(L)   Az(R)   Dist 


^SO 


€OCf 


nSTAICE 
(MILES) 
TD  raAR 
EDGI  or 
CUMULUS 


eoo 


/3 


SURFACE 
CONDITIONS 


TBCCITI  OF 

SURFACE  won) 

(MPH) 


mRBmOK  FROM 

aacH  surfISI" 

WIND  BLOW 


MR  BULS 
TBIBBUTVRZ 


mr  BULB 

tbiperature 


Td 


Dir.     Vel 


70  60     -      O    S    Go  ^o  \o 


UPPER  CLOUD 
CONDITIONS 


HnoHT  (iR  UHm  OP  10001) 

USH)  TO  PIKD  THOCITT. 
CIRCLE  HUKBia  IF  VBDCnT 
IS  ACCURAinj  MEASURED. 
03E     X     IF  VELOCITT 
CAjraOT  BE  ESTIMATED. 


lEUJCITT  AT 
HIGHEST  CLOUD 
LEVEL  (MPH) 


DIRECTIOa 
FBDH  MaCH 

EIo'Jd  ibtb 
3 


Dir. 


Vel. 


Height 


11  RlpplKl  aaooth  CI 

12  TMn  vL«;v  Ct 
U  Thick  idspgr  CI 
U  P«ttarn«d  CI 
1!  Hodnd  Ci 

16  Fllianita  of  CI 

17  Cokamt  CI 

Id  Strtlght  bjjida  of  CI 


ZI,  Uquld  claudl«t  Co 
2?  Uquld  p*tt«rn«d  Cc 
~|  26  D»c«jlDg  Cc 


)1  P>U<mlMi  Ao 

33  RMt.  Ae  eloudlcu 
31  RMt.  AC  oloudl«u 

idth  io«  atriMin 

36  Ao  blllo« 

37  Cohanot  Ac  billow 

34  Ac  oloodlata  arrai^ad 

dcna-Klnd 


Wt  Standing  wmvo  Ac 

i*6  HoTla«  wTa  Ac 

Ut  Cohar«it  ««Taa  of  Ao 


Ci 


ROTES     0800  4  EARLIER 


Cc 


zO 


Ac 


36 


Acl 


cS 


7a  Gl  SE    S  S)N 


30  14-    29    39    49 


jETE  oBoo-uoo  /^a/>?  A/iy  6  Mr.  af  //.-^S:  /^/'rsT- 
fAfL/nder  //:^3  Some  /?a//  /eosy  o/so 
//'^hf  ra/'n. 


1600 


S 


lA/ 


/o 


204- 


a/4 


/z 


G4-  5€ 


N 


/4    -~     - 


i9    29  39 


49 


1600 


1600 


SIS  uoo-iMo  /ri//o  /ron7  another  c/oc/cf  /J/3'  no 
//'^h/oio^.  X7<s7/7P  s/-///  <7/7o/her  of  /GOO 
a^  J9/00:  s////  no  //ahfo/nci 


LIGHTNING    ACTIVITY 


TIME  OF 

START 

(MST) 


NUMBBl 

OP 
STRIKED 


AZIMUTH 
TO  LEFT 
EDGE  OP 

ACTivmr 


AZIMUTH  TC 
RIOtfTEICE 
CIRCLE  IF 
WITHW 
10  MILES 


SPECIAL      ITEMS     *"'■*  **""  *""  '*•'*  '*'"  baglm.     Bola  If  Ughlnlng  or  thundar  occura 
MlthMit  any  rain.  Rota  any  umiauAl  happ«nln«a  (hall,   aarara  surfaca 
Hiiid  orar  30  aph,  «ueh  doud-to-oloud  lightning  idth  no  atrlkas,   odd  aotlcna  of  Taper 
TIME  tralla,  ate).  If  rain  occurs  without  lightning,  try  to  Beasure  tha  hdghta  of  cloud  topa. 


//:4S 


/K'a/o  6e^OA7  //.'^jT;  af  /poa  /'/  was  a/- 


A^ar^e  •see/7,'/boa(,r/) 


/.O.  iv/fh  smoall  omoont  o/"  //a//: 


//7ooder 


/pt^ard. 


no/  n7uch  fhc/nder-    /70  c/oc/a/ 


/o  proc/nc/  >s/r/'/ces.     After  c/ouo/ 


passed  £,    fo^A-  //"s  //e/g/?/-  iA//?er) 


ra//o  L^os  /^////7^  on  Mt.    /O  /r?//es 


d/'s/Toni:   3S^2oo.  j^/bo/r  co/or  p/cfotre 


/jyc/ucf/op  fop  or?d  ra/q) 


Z200 


23/4- 


e 


(Sk 


2200 


Mc/ch  c/oud-  /o-c/oc/d  //^hfoio^, 


ver{^  br/'/I/on-t  oeor  L.O.i  doshinq 


no/n  af  22/ o  -  2230, 


If  sort 
d«x  of 


I  ipaoe  is  needed,  u«e  the  rear  of  this  fom.     On  July  9,   30»  30,   August  10,  20,   30,   end  final 
obeerTatlcn*f  on  the  r^x  write  any  general  nctes  whloh  you  ccndder  helpful  (best  breeding 
dlstsnees  and  ailmths,  stoi*  ocurses,   observation  dlffleulties,  etc.). 


Figure  14.     Form  filled  out   each  day  at  cloud-siirvey  stations. 
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Figure  15.  Radio  communication  enables  forest- fire  lookouts  to 
furnish  the  Skyfire  analysis  center  with  pertinent  information 
on  clouds  and  lightning. 


operation  of  fire-weather  stations,  and  radio- transmission  procedures. 
Much  of  the  training  school  program  was  held  right  at  a  lookout  station 
where  practical  cloud-survey  operations  could  be  reviewed.  Motion 
pictures  and  colored  slides  of  clouds  were  used  as  aids  in  cloud- 
identification  training. 

Experience  has  shown  that  on-the-ground  instruction  of  observers 
must  supplement  the  ,more  or  less  formal  program  of  the  special  training 
school,  Followup  training  sessions  at  each  lookout  station  are  essen- 
tial in  the  development  of  competent  observers.  During  the  fire  season 
some  members  of  the  Skyfire  staff  are  continuously  engaged  in  visiting 
lookout  stations  in  the  cloudr^survey  network.  The  daily  radio  reports 
keep  the  staff  in  touch  with  the  lookout  observers  and  often  indicate 
the  stations  vdiere  additional  training  is  most  needed.  Followup  visits 
to  lookout  stations  also  are  important  in  maintaining  the  teamwork  and 
esprit  de  corps  so  important  in  an  undertaking  of  this  nature. 
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CLOUD  ANALYSIS 

ITne  compilation  of  cloud-survey  data  is  a  means  to  an  end,  not 
an  end  in  itself.  For  value,  the  observations  must  be  related  to 
larger  scale  synoptic  situations.  In  1953  a  rough  first  attempt  was 
made  to  "type"  or  explain  the  weather  patterns  causing  lightning. 
In  1954  the  U„  S.  Weather  Brueau  provided  personnel  and  facilities 
for  improving  the  analysis.   This  phase  of  the  cloud  survey  is  a 
most  important  one,  and  will  be  receiving  a  larger  percentage  of 
the  research  effort  as  Project  Skyfire  continues. 


TIME-LAPSE  PHOTOGRAPHY 

The  system  of  time-lapse  motion-picture  photography  developed 
by  the  Munitalp  Foundation  provides  an  excellent  means  of  studying 
cloud  action.  In  most  Project  Skyfire  operations  16-millimeter 
cloud  photographs  are  taken  at  2-second  intervals  and  then  pro- 
jected at  normal  speed.   This  speeds  up  the  motions  in  clouds  about 
thirtyfold  so  that  an  hour  of  action  can  be  displayed  in  approximately 
two  minutes  of  film- projection  time.   The  time-lapse  principle  enables 
dynamic  cloud  action  to  be  seen  in  a  manner  not  possible  with  the 
naked  eye.   The  cloud  factors  associated  with  many  different  weather 
situations  and  many  types  of  lightning  storms  can  be  recorded  on 
film  for  detailed  analysis . 

The  equipment  used  in  the  time-lapse-photography  program  is 
rugged  enough  for  continuous  field  use  and  simple  enough  to  operate 
to  insure  good  results  from  relatively  untrained  photographers 
(figure  16).   The  automatic-shutter  operation  on  a  standard  16- 
millimeter  motion-picture  camera  is  accomplished  by  a  relay  which 
is  actuated  at  the  relaxation  time  of  a  capacitor-relay  circuit. 
Power  is  provided  by  a  45-volt  B  battery.  The  camera  is  mounted 
on  a  sturdy  tripod  (figure  17)c  Other  equipment  used  in  the  photog- 
raphy program  includes  an  exposure  meter,  a  protractor  for  measuring 
camera  angle,  and  a  title  board  for  labeling  essential  data  on  each 
roll  of  film.  Color  film  has  been  used  for  virtually  all  of  the 
photography. 

Dui^ing  the  fire  seasons  of  1952,  1953,  and  1954  over  6000  feet 
of  time-lapse  motion  pictures  have  been  obtained  from  12  stations  in 
the  northern  Rockies.  Usually  there  have  been  at  least  four  time- 
lapse  motion-picture  cameras  operating  simultaneously  during  interesting 
meteorological  situations.  As  a  result,  regional  storms  can  be  photo- 
graphed to  show  variations  by  location  and  time.   The  photography 
of  clouds  associated  with  the  jet  stream  has  provided  an  excellent 
means  for  studying  the  motions  and  shapes  of  high-  and  middle -level 
clouds.   Time-lapse  photography  has  been  foiind  to  aid  in  detecting 
the  areas  where  cumulus  clouds  first  form  and  grow. 


-21- 


CO 

C 
o 

•H 
-P 

cd 
-P 
m 

+> 

O 

o 
o 

H 
I 

^ 

•H 
Ch 

-P 

-O 
0) 
CO 

:3 

-p 
c 


•H 


-P 

o 

•H 
Q. 
I 

C 
o 

•H 
-P 
O 

e 

CO 

a. 

iH 

I 

02 


>0 


a 

CtJ 

bO 
O 
-P 

o 

jc 
a 

s 

o 


0)       ^H 

ti   o 
•H 


-22- 


Figure  17.  Time-lapse  motion-picture  cameras  mounted  on  the  catwalk 
of  forest-fire  lookout  stations  are  in  an  ideal  position  to  record 
the  life  cycle  of  clouds  and  lightning. 


An  important  phase  of  the  time-lapse  photography  program  is  the 
use  of  a  "sphere"  camera  for  detailed  studies  of  cloud-breeding  areas 
This  camera  photographs  the  sky  through  a  standard,  inexpensive, 
spherical  flask  filled  with  water.  The  system  enables  112°  of  sky 
to  be  photographed  from  a  fixed  position  of  the  camera,  Diiring 
1953  the  "sphere"  camera  was  used  at  Gisborne  Mountain  in  the 
Priest  River  Experimental  Forest  (figure  9).   In  1954  the  camera 
was  used  at  Cold  Springs  Lookout  in  the  Nezperce  National  Forest 
to  photograph  the  day-by-day  life  cycle  of  clouds  which  form  in  the 
adjacent  Wallowa  Mountains  (figure  9). 

The  results  of  the  time-lapse  photography  program  show  that 
forest-fire  lookout  stations  are  ideal  places  for  the  operation  of 
cameras.  The  commanding  view  of  clouds  and  mountains  and  the  con- 
stant availability  of  an  operator  provides  about  the  best  possible 
site  for  photographic  work,  A  good  start  has  been  made  on  the 
building  of  a  photographic  record  of  cloud  types  and  action  in 
northern  Rocky  Mountain  skies. 
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III.  STUDY  OF  THE  JET  STREAM 

The  jet  stream  can  best  be  visualized  as  a  flat,  wide  river 
of  air^  flo-wing  on  a  meandering  course,  generally  from  west  to 
east,  with  a  central  axis  of  peak  velocity  winds  at  20  to  40 
thousand  feet  above  sea  level.  Observations  made  to  date  indicate 
that  one  or  more  jet  streams  are  usually  present  during  the  fire-season 
months  either  over  the  northern  Rocky  Mountain  region  or  just  north 
or  south  of  the  area. 

Many  unknown  facts  about  jet  streams  remain  to  be  discovered. 
However,  from  the  information  now  available,  it  is  clear  that  any 
research  of  lightning  and  associated  atmospheric  factors  must 
consider  possible  relationships  to  the  location  and  character  of 
jet  streams .  There  is  strong  evidence  that  certain  high-  and  middle- 
level  clouds  are  frequently  associated  with  a  jet  stream  (figure  18) o 
There  are  also  indications  that  important  relationships  may  exist 
between  a  jet  stream  and  the  character  of  lightning  storms,  as  xvell 
as  the  general  character  of  the  pre-  and  post-storm  weather  influ- 
encing the  behavior  of  lightning  fires.   The  jet  stream  means  a  strong 
vertical  wind  shear,  which  may  tend  to  blow  the  tops  off  towering 
cum.ul\is  clouds  and  thus  hinder  them  from  reaching  lightning-storm 
proportions.  In  other  situations  the  jet  stream  appears  to  make  the 
storm  worse, 

• 

IDENTIFICATION  OF  THE  JET  STREAM  WITH  CLOUDS 

The  best  way  to  determine  the  location  of  the  jet  stream  by  clouds 
is  to  note  the  velocity  of  airflow  as  evidenced  by  cloud  motions.  This 
is  impossible  to  do  from  moving  aircraft  and  difficult  from  the  ground. 
A  second  technique  is  to  watch  for  certain  cloud  types;  forms  of  cirrus, 
cirrocumulus,  a].tocumulus  lenticulars,  and  altocumulus  billows  tend  to 
be  associated  with  the  jet  stream  (13,  14)=   These  4  types  were  recorded 
by  the  25  lookout  observers  in  Project  Skyfire  in  July  and  August  of 
1953  (figure  19)  <-  Direction  of  cloud  motion,  cloud  velocity,  coherence, 
and  surface  winds  were  also  noted  hourly,  and  during  each  observation  a 
rough  picture  of  the  cloud  positions  was  sketched.  All  the  data  com- 
piled by  the  lookouts  were  plotted  on  area  maps  for  OSOO  and  1400  M,  s.  t, 
daily,  and  compared  with  the  position  of  the  jet  stream  as  derived  from 
the  U.  S.  Weather  Bureau  300  mb.  and  500  mb.  charts. 

During  the  124  observation  times  of  summer  1953?  the  jet 
stream  was  within  the  region  6?  times,  and  outside  or  missing  57 
times.   The  following  results  were  obtained: 
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Figure  19.     Fo\ir  high-  and  middle-level  cloud  types  "often  associated  with 
the   jet  stream. 
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There  was  no  very  definite  tendency  for  the  clouds  to  appear  on 
the  north  side  of  the  jet  stream  instead  of  the  south,  or  vice  versa. 

In  61  percent  of  the  cases  the  special  cloud-association  method 
was  successful^  no  clouds  =  no  jet  stream^  clouds  =  jet  stream. 
In  16  percent  of  the  cases  the  jet  stream  was  present  but  the  air 
aloft  was  so  dry  that  there  v;ere  none  of  the  upper  clouds  present. 
In  23  percent  of  the  instances  (mostly  from  August)  there  was  no  jet 
stream  but  the  "associated  clouds" (usually  several  types)  were  observed. 
These  "failures"  may  be  inherent  in  the  system,  but  certain  other 
factors  certainly  contribute  to  themt 

lo   The  U.  S,  Weather  Bureau  300  mb,  network  is  so  sparse  that 
jet  stream  flows  co\ild  be  present  but  unobserved  on  the  charts.  This 
might  explain  some  cases ^  but  not  many, 

2»  During  the  first  summer  of  Skyfire  field  observations  much 
of  the  data  were  not  complete  and  also  many  bits  of  e-vridence  had  to 
be  discarded  due  to  ambiguity.  FaJ.se  cirrus  from  thunderstorm  anvils 
were  undoxibtedly  often  reported  as  cirrus  indicating  the  jet  stream, 

3«   In  most  cases  of  "clouds  but  no  jet  stream"  there  was  a  low- 
pressure  center  about  900  miles  off  the  United  States-Canada  border, 
bringing  in  moist  air  aloft  from  the  southwest.  Slight  vertical 
motions  would  form  clouds  in  such  air.  Half  of  the  "clouds  but  no 
jet  stream"  cases  were  associated  with  surface  or  upper  fronts,  where 
extra  liLt'ting  wou2d  be  expected, 

4.  The  slow-moving  clouds  were  often  reported  in  the  diverging- 
fan  area  where  a  jet  stream  slowed  down  and  lost  its  identity,  or  in 
the  corresponding  converging  area;  also  they  were  observed  in  the 
slow-mo'.ring   air  close  to  closed  lows  with  high  winds.   In  many  of 
these  casesj  although  the  air  in  which  the  clouds  existed  was  slow 
moving c  it  had  probably  been  recently  in  a  true  jet  stream, 

5,  The  mere  presence  of  high-  and  middle-level  clouds  is  not 
uniquely  related  to  the  jet  stream,  since  moisture  and  lifting  derive 
from,  many  causes.  During  the  J.ookout-training  course  little  stress 
was  laid  on  separating  the  "fast-looking"  clouds  from  the  "slow  - 
looking'"  .type 5  in  fact,  only  illustrations  of  the  "fast-looking" 
types  were  shown.   This  omission  was  probably  the  biggest  factor  in 
the  "clouds  but  no  jet  stream"  cases. 

During  the  summer,  clouds  indicated  the  jet  stream  65  percent  of 
the  time  it  was  present.  If  the  additional  cases  of  "clouds  but  no 
jet  stream"  can  be  avoided  by  more  careful  examination  of  the  detailed 
cloud  stracture,  the  whole  scheme  of  jet-stream  location  by  cloud 
observations  can  be  termed  successful.  During  the  winter  in  this 
area  when  the  jet  stream  is  twice  as  fast  as  during  the  summer,  and 
in  other  regions  of  consistently  greater  jet-stream  speeds,  the 
cloud- identification  method  should  prove  even  more  useful. 
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ESTIMATING  WIND  VELOCITY  BY  CLOUD  APPEARANCE 


Schaefer  has  indicated  how  fast-mo^^rf-ng  cirrus ^  cirrocumuluss  alto- 
cumiilus  lenticular^  and  altocumulus  billows  tend  to  be  the  clouds 
associated  with  the  jet  stream  (14)0  Analysis  of  the  cloud-survey 
data  has  shown  that  a  further  refinement  or  typing  might  be  employed 
in  order  to  make  location  of  the  jet  stream  easier  from  cloud  obser- 
vation: the  cloud  types  should  be  subdivided  into  those  indicative  of 
high  velocity  and  those  indicative  of  low  velocity,,  Since  the  cloud 
texture  or  microstructure  is  somewhat  independent  of  air-mass  moisture , 
it  will  provide  a  better  jet-stream  indicator  than  will  merely  the 
presence  of  certain  clouds. 

The  study  of  heated  fluids  in  the  laboratory,  of  air  currents 
over  the  oceanj  of  alto-level  clouds,  of  wind  over  sand,  and  of  other 
natural  phenomena  has  shown  a  tendency  for  (1)  very  small  shear  to 
be  associated  with  regular  rectangular  or  hexagonal  flow  patterns ^ 
(2)  moderate  shear  to  be  associated  with  transverse  waves,  (3)  strong 
shear  to  be  associated  with  longitudinal  waves  or  rolls,  and  (4)  very 
severe  shear  to  be  associated  with  turbulence,  no  regular  flowo 
Therefore,  the  characteristics  of  certain  cirro  and  alto  clouds  in 
jet-stream  conditions  would  be  expected  to  indicate  wind  shear,  and 
vice  versa o  Wind  shear  is  related  to  total  wind  velocity  and  is 
ordinarily  in  the  same  direction o 

Approximately  60  color  and  I50  black  and  white  cloud  pictures 
were  taken  between  July  1  and  October  1,  and  compared  with  cloud 
velocities  measiired  by  the  abney-level  method.  In  the  preliminary 
analysis,  it  was  found  that  cirrus  clouds  were  observed,  alone,  at 
90  knots  and  7  knots,  altocumulus  billows  were  found  between  90  knots 
and  25  knots,  cirrocumulus  were  present  at  70  knots  to  20  knots,  and 
altocumulus  lenticulars  appeared  moving  8$  knots  as  well  as  25  knots. 
The  combination  of  any  2  or  mo r^  of  the  4  types  likewise  did  not 
prove  to  correlate  especially  well  with  velocity- <, 

When  a  speed  factor  was  given  to  the  appearance  of  the  clouds  in 
each  photograph,  the  correlation  with  velocity  improved  greatly.  The 
cirrus  were  fast  moving  when  they  were  drawn  out  into  long  lines 
parallel  to  the  wind,  by  wind  shear.   They  were  slow  i/dien  their 
structure  was  weak  and  random,  showing  no  preferred  direction.  Of 
the  cirrocumulus,  the  clouds  with  the  most  definite  wavelet  patterns 
were  the  fastest.   The  fastest  altocumijilus  types  were  those  with 
pronounced  orientation  of  the  cloudlets,  either  parallel  or  perpen- 
dicular to  the  wind.   The  shapes  of  altocumulus  lentiqulars  depend 
mostly  on  ground  configuration  and  so  would  not  be  strongly  related 
to  wind  speeds,  but  the  waves  produced  by  the  fastest  winds  tend  to 
have  the  sharpest  edges  and  the  smoothest  texture. 

The  speed  factors  were  considered  when  the  cloud  types  for  the 
1954  lookout  training  school  were  established.   In  effect,  each  of 
the  four  main  categories  was  subdivided  into  types  representative  of 
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different  speed  ranges;  the  typing  involved  elongation,  micro structure 
(or  texture),  and  composition  as  well  as  the  ordinary  cloud-type 
considerations.  The  rules  can  certainly  be  improved  with  time,  and 
still  be  simple  enough  to  be  of  practical  value  even  for  the  weak 
jet  streams  in  the  summer  in  this  area. 


SURFACE  WINDS  AND  THE  JET  STREAM 

With  the  small  amount  of  data  available  it  is  difficult  to 
generalize  on  the  relationship  between  surface  winds  and  the  jet 
stream.  The  mountain  v/inds  due  to  convective  heating,  the /local 
downdraft  outflow  of  the  thunderstorms,  and  frontal  winds  may  all 
exceed  25  knots.   On  the  other  hand,  surface  winds  below  the  jet 
stream  may  sometimes  be  very  light.  However,  surface  winds  greater 
than  35  knots  over  an  extended  distance  seem  due  solely  to  a  jet- 
stream  effect.  These  winds  are  doubly  dangerous  from  the  fire-danger 
standpoint  because  they  may  occur  in  dry  weather. 

Dui'ing  the  morning  of  August  24,  1953,  the  wind  at  Salmon 
Mountain  Lookout  reached  70  knots;  this  was  directly  below  the  axis 
of  a  70-knot  jet  stream  and  in  a  cold  front  occlusion  situation. 
Snow,  sleet  and  hail  were  also  reported.  The  300  mb.  and  500  mb, 
U.  S.  Weather  Bureau  maps  showed  the  velocity  was  roughly  the  same 
at  those  two  levels.  This  was  the  maximum  wind  reported  during  the 
cloud  survey. 

Few  of  the  cloud-survey  stations  regularly  reported  the  surface 
winds.  The  small  amount  of  data  available  for  0800  and  1400  M.  s,  t. 
did  show  that  winds  over  25  m.  p.  h.  ^^rere  almost  invariably  associated 
with  a  jet-stream  condition.   The  1700  M.  s.  t.  winds  were  also  checked 
daily  at  three  stations.  The  maximiom  1700  winds,  29  to  43  m.  p.  h,, 
were  recorded  on  5  days;  a  jet  stream  was  overhead  4  of  these  days, 
and  a  frontal  situation  existed  the  other  day. 
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Figure  20,     Diagram  used  in  calculating  cloud-base  height. 
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IV.   SPECIAL  STUDIES 

The  research  program  of  Project  Skyfire  has  called  for  the  develop- 
ment of  special  tools  and  research  techniques „  Also  there  has  been 
a  need  to  explore  the  theory  of  cloud  development,,  the  lightning 
mechanism,  and  atmospheric  electricity.   These  studies  facilitate  the 
general  aims  of  the  over-all  project.   For  convenience  in  reporting 
they  are  grouped  under  the  heading  of  special  studies o 


WEATHER  TYPES  AND  LIGHTNING 

All  lightning  occurrences  in  the  survey  area  during  July  and 
August  1953 5  were  examined  to  ascertain  the  corresponding  synoptic 
pictures.  In  1953  there  was  more  lightning  than  average  and  there 
were  more  frontal  passages. 

Four  frontal  weather  types  were  considered,  and  three  air-mass 
types.   The  division  of  lightning  storms  into  types  is  not  simple 5 
since  a  specific  instance  rarely  fits  into  one  type.  Frontal  types 
are  differentiated  from  air-mass  types  by  consideration  of  whether  the 
vertical  motions  were  mechanical.ly  or  thermaJ^ly  indue ed„  and  yet  the 
activity  of  fronts  does  depend  strongly  on  thermal  instability  and 
diurnal  timing,  and  the  instability  of  an  air  mass  is  strongly  affected 
by  the  advection  of  cold  air  aloft.  Understanding  the  synoptic 
situation  corresponding  to  lightning  occurrences  is  an  important  phase 
of  future  Project  Skyfire  xrorkj  this  preliminary  typin.g  served  to 
point  out  the  problems  and  permit  a  few  generalizations  to  be  made. 

There  were  15  frontal  cases  and  13  air -mass  cases  producing  light- 
ning in  the  summer  of  1953 »  On  probably  only  three  occasions  did 
storms  begin  xvithout  surface  air  reaching  the  clouds.  Therefore 
cloud  seeding  with  ground  generators  might  affect  a  large  majority 
of  the  storms. 


GONVECTIVE  CLOUD-BASE  HEIGHT  FROM  DRY-BULB  —  WET-BULB  TEMPERATURES 

It  is  possible  to  get  a  rough  estimate  of  the  elevation  of  the  base 
of  a  convective  cloud  by  measuring  the  dry™  and  wet--bul,b  air  temperatures 
at  ground  level.  Figure  20j  MF  Form  Aj  permits  these  rapid  height 
calculations  J  and  at  the  same  time  gives  the  cloud-base  temperature  and 
the  relative  h\imidity  of  the  sm-'face  air.   This  chart  is  based  on  the 
assumption  that  the  cloud  base  is  the  same  as  the  "lifting  condensation 
level,"  i.e.,  the  level  at  which  condensation  begins  in  the  dry,  adia- 
batically  lifted  air  parcel. 

If  the  air  parcel  that  is  sampled  has  the  same  properties  as  the 
air  that  is  forming  the  cloud,  accuracy  will  be  good*  In  hilly  terrain 
the  cumulus  clouds  tend  to  form  from  air  heated  over  the  hills?  thus  a 
fire  lookout  is  in  a  good  position  to  sample  appropriate  air  to  find  the 
height  of  cloud  bases  near  the  lookout  station, 
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If  the  moisture  content  of  the  air  on  hilltops  and  in  valleys  is 
the  same 5  the  extra  heating  of  the  hills  will  result  in  higher  cloud 
bases  than  those  bases  due  to  valley  air.  Experiments  have  verified 
this  effect J  bases  as  calculated  from  Gisborne  Mountain  Lookout 
averaged  about  1400  feet  higher  than  bases  calculated  from  the  Priest 
River  Experimental  Forest  headquarters  (3140  feet  below  Gisborne 
Mountain  Lookout),  Presumably  the  higher  bases  were  the  more  correct, 
An  obvious  rule  to  correct  valley  readings  to  hilltop  conditions 
would  therefore  b©  to  add^  to  the  valley-calculated  cloud  height, 
one-half  of  the  height  of  appropriate  hills  above  the  valley.  Many 
factors  contribute  to  the  valley=hilltop  differences  and  so  such  a 
simple  correction  can  be  but  a  rough  first  approximation.  The 
elevations  of  cloud  bases  differ  over  a  region  and  even  from  cloud 
to  cloud.  Glider  pilot  reports 'verify  that  the  higher  bases  are 
associated  with  the  stronger  upcurrents  obtaining  their  energies 
from  mountain  heating. 

At  the  Priest  River  Experimental  Forest  during  a  warm  mid- 
aftemoon^^  consecutive  temperature  measurements  at  8-minute 
intervals  yielded  cloud-base  heights  of  8350,  9000,  9280,  8550, 
8900,  8970,  8700,  8900,  and  9120  feet  above  ground;  these  values 
illustrate  how  local  conditions  change  rapidly,  and  demonstrate 
some  of  the  inaccuracies  of  the  method.  They  show  vdiy  there  is  no 
need  to  read  the  temperatures  more  accurately  than  to  the  nearest 
degree. 

The  dry=bulb  and  wet-bulb  measurements  may  conveniently  be 
taken  with  a  small  sling  psychrometer.  Tests  with  this  device  show 
that  250  swings  will  bring  the  temperature  readings  to  within  about 
one-tenth  of  a  degree  F,  of  the  true  ones, 

MF  Form  A  (figure  20)  has  been  compiled  by  using  (a)  the  change 
of  dewpoint  with  elevation  shown  on  U,  S,  Weather  Bureau  Form  113E, 
(b)  the  dry  adiabatic  lapse  rate  indicated  on  Form  1147B  (revised 
December  1950)  which  differs  from  that  on  the  older  U,  S.  Weather 
Bureau  Form  1113E,  (c)  dewpoints  and  humidities  from  the  table 
supplied  by  the  U,  S,  Forest  Service  for  elevations  between  3800  and 
6000  feet  above  sea  level.  This  chart  is  most  accurate  for  observa- 
tions at  4500  feet  above  sea  level  but  may  be  used  effectively  on  all 
mountains  in  the  Skyfire  network. 


CLOUD»^BREEDING  AREAS 

A  cloud-breeding  area  may  be  defined  as  an  area  where  there  is  a 
tendency  for  cumulus  clouds  to  originate  or  develop  into  more  advanced 
stages.  To  the  extent  that  thunderstorm  activity  is  affected  by 
topography  and  other  surface  conditions,  one  may  hope  to  locate 
these  breeding  areas  both  by  theoretical  calculation  and  by  cloud 
observation.  Surface  effects  presumably  are  more  important  during 
the  early  stages  of  cumulus  development. 
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Hills  help  to  produce  upcurrents  for  a  variety  of  reasons: 

1.  Slope  Effects: 

a.  Mechanical,  The  orographic  effect  of  wind  being 
forced  to  blow  up  the  slope  helps  start  the  up- 
current  Sp  and  in  addition  the  mechanically  induced 
upward  motion  of  stable  air  serves  to  reduce  the 
air's  stability. 

b.  Thermal,  Since  the  sun  is  only  rarely  overhead, 
slopes  rather  than  horizontal  ground  are  usually 
more  perpendicular  to  the  sun's  rays  and  thus 
receive  more  radiation  per  unit  area.  Other 
considerations  being  similar,  such  sloping 
surfaces  would  therefore  become  warmer  than 
horizontal  surfaces.  In  addition,  the  heat 

per  unit  area  on  slopes  is  concentrated  over  a 
smaller  horizontal  area;  this  is  important  for 
steep  cliffs, 

2.  Height  Effects: 

Air  remains  in  neutral  stability  if  its  temperature 
decreases  5o5  F,  per  1000-foot  increase  of  elevation. 
Although  mountaintops  are  generally  cooler  than 
adjacent  valleys,  they  are  usually  not  as  much 
as  5o5°  F»  cooler  per  1000  feet  of  elevation.  Thus 
they  tend  to  produce  thermals  more  often  and  of  larger 
size  than  do  adjacent  valley  areas. 

These  effects  plus  others  such  as  the  radiative 
properties  of  the  vegetation  and  ground  surface 
and  the  presence  of  nearby  lakes  all  vary  in 
importance  depending  on  the  meteorological 
situation.   The  concept  of  a  breeding  area  is 
thus  seen  to  be  complicated.   In  general,  however, 
mountains  produce  the  earliest  and  also  the  best 
thermals . 

The  lookout  observers  collect  data  on  the  positions 
of  the  first  cumulus  clouds  in  their  areas.  These 
•  data  have  not  been  analyzed  in  detail,  but  they  do 
conform  to  the  above  concepts. 

The  lookouts  have  been  unanimous  in  their  state- 
ments that  only  rarely  do  local  storms  develop 
out  of  local  small  cumulus  clouds.  Almost 
invariably  the  storms  move  in  from  another  area 
after  they  are  already  well  developed.  The  breed- 
ing-area concept  is  still  valid,  but  the  breeding 
areas  may  often  be  far  from  the  regions  where  the 
storms  produce  the  damaging  lightning. 
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CLOUD  VELOCITY  MEASUREMENTS 

In  addition  to  providing  a  convenient  tool  for  calculation  of 
cumulus  cloud  heights,  an  abney  level  calibrated  in  feet  per  chain 
proved  to  be  a  useful  field  instrument  for  the  measurement  of  upper- 
cloud  velocities  (figure  21). 


Figure  21.  An  abney  level  is  a  handy  tool  for  calculating  cumulus 
cloud  heights  and  upper-cloud  velocities. 


The  horizontal  velocity  of  cloud  elements  is  almost  exactly  the 
air  velocity.  Even  standing  wave  clouds  which  have  zero  velocity 
contain  elements  which  move  with  the  wind  speed;  the  individual  cloud 
particles  cannot  be  seen  from  the  ground,  but  a  turbulent  eddy  or 
cumulus-like  puff  can  almost  invariably  be  seen  moving  through  the 
larger  cloud  mass  with  the  speed  of  the  wind. 

If  the  height  of  the  cloud  can  be  estimated,  its  velocity  may  be 
found  by  measuring  its  elevation  angle  and  azimuth  position  at  the  start 
and  end  of  a  specified  time  interval.  If  the  cloud  motion  is  directly 
away  from  or  toward  the  observer,  aximuth  remains  the  same  and  only 
elevation  need  be  measured. 
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During  the  fire  season  cloud  velocities  were  estimated  with  the 
aid  of  an  abney  level,  a  small j  handy,  commercially  available  instru- 
ment ha^/ing  more  acciiracy  than  needed.  The  time  interval  was  noted 
during  "which  a  portion  of  the  cloud  moved  from  one  elevation  angle  to 
another.  Elevation  angle  changes  of  80  feet  per  chain  to  60,  or  60  to 
48,  or  48  to  40  all  correspond  to  the  same  horizontal  distances  of 
cloud  movement.  MF  Form  D  (figure  22)  was  drawn  corresponding  to  these 
pre-selected  angle  changes.  It  shows  velocity  in  miles  per  hour  for 
a  range  of  heights  and  time  intervals. 

If  the  abney-level  technique  is  utilized  for  cumulus  cloud  move- 
ments, cloud-base  heights  can  be  estimated  from  surface  dry  bulb— wet 
bulb  temperature  measurements.  Cloud-top  heights  are  obtainable  with 
the  level  by  taking  a  ratio  with  known  base  heights.  The  heights  of 
alto-  and  cirro-level  clouds,  can  be  simply  estimated  on  the  basis  of 
past  experience  with  sufficient  accuracy.  Percentage  accTiracy  of  the 
velocity  meas^orements  is  practically  identical  to  the  percentage 
accuracy  of  the  cloud-height  estimates. 

ATMOSPHERIC  ELECTRICITY  MEASUREMENTS 

There  is  a  potential  difference  of  several  hundred  thousand  volts 
across  the  insulating  lower  atmosphere  between  the  more  highly  conducting 
ionosphere  and  the  earth.   The  voltage  difference  is  maintained  by  thunder- 
storms.  The  resulting  slight  current  that  flows  from  air  into  the  ground 
may  be  collected  on  a  needle-sharp  collector  to  an  extent  that  it  can  be 
measui-ed  (4?  l6) .  The  corona  discharge  at  the  needle  point  increases  the 
local,  conductivity  of  the  air  to  effect  this  collection,  A  radioactive- 
tipped  probe  ionizes  the  surrounding  air  and  collects  more  current  than 
the  simple  needle  pointo  Such  a  tip,  coated  with  gold  foils  impregnated  ■  i'S 
with  radium  sulfate,  was  set  on  the  corner  of  Gisborne  Mountain  Lookout 
in  the  summer  of  1953  and  the  current  through  it  measured  hourly  on  a 
microarameter  to  see  if  the  current  could  be  correlated  with  clouds  or 
the  jet  stream^ 

Measui'ements  in  the  eastern  part  of  the  country  had  shown  that 
the  current  would  be  high  under  both  jet-stream  and  thunderstorm 
conditions.  However,  in  Idaho  the  only  time  when  the  meter  reading 
could  be  correlated  with  the  weather  picture  was  when  thunderstorms 
were  nearby.  These  often  reverse  the  sign  and  increase  the  ciorrent 
by  several  orders  of  magnitude  (at  which  time  the  meter  is  disconnected 
for  safety).  On  other  occasions  the  reading  varied  between  OoOl  and 
0.10  microampere,  with  strong  diurnal  effect.  On  a  typical  day  the 
current  will  average  0,02  microampere  at  0700  P.  s.  t.,  reach  an 
average  of  0.05  microamp  at  noon,  and  drop  again  to  the  initial  value 
by  1800.  The  diurnal  variation  of  the  whole  earth-to-air  gradient 
structure  caused  a  potential  maximum  around  1000  P.  s.  t,  (corresponding 
to  maximum  thunderstorm  activity  over  the  vhole   world);  the  variation  is 
only  about  15  percent,  and  cannot  account  for  the  needle  current  readings. 

Interpretation  of  the  readings  must  await  further  research.  Tests 
are  being  continued. 
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Use  this  chart  for  finding  the  velocity  of  clouds  moving 
directly  toward  or  directly  away  from  the  observer. 
Measure  ^^,   the  time  interval  in  which  the  cloud  elevation 
angle  changes  from  80  feet  per  chain  to  60,  or  60  to  48,  or 
48  to  40  (or  the  reverse,  40  to  48,  48  to  60,  or  60  to  80). 
At  the  intersection  of  Ziand  the  estimated  cloud  height  above 
the  observer,  read  the  cloud  velocity.  If  z^v  is  greater  than 
140  seconds,  use  ^i^and  ^  the  altitude.  For  Abney  Levels 
calibrated  in  degrees,  note  80  ft/chain=50.5°,  60  ft/chain«= 
42.3°,  48  ft/chain=36.0°,  40  ft/chain=31.2°. 

CLOUD  VELOCITY  BY  ABNEY  LEVEL  (feet  per  chain  calibration) 

Fi/sure  22.   Chart  used  for  finding  the  velocity  of  clouds  ;-/ith  an  abney 
level. 
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Figure  23.  A  radioactive-tipped  probe  for  measurement  of  atmospheric 
electricity  is  mounted  on  the  150-foot  meteorological  tower  at 
the  Priest  River  Experimental  Forest. 


NATURAL  FREEZING  NUCLEI  MEASUREMENTS 

On  15  days  during  late  August  and  September  of  1953  samples  of 
surface  air  were  checked  at  several  temperatures  for  the  presence 
of  natural  freezing  nuclei.  A  portable  cold  box  loaned  by  Meteorology 
Research,  Inc.,  was  employed  for  the  measurements.  In  1947  Schaefer 
developed  the  first  such  portable  cold  box  wherein  cold  air  from  dry 
ice  cooled  the  copper-lined  test  chamber  to  the  desired  temperature. 
The  present  unit  features  a  10-power  viewing  sjrstem  and  a  thermostat- 
controlled  cooling  apparatus  which  is  both  cooled  and  powered  by  the 
sublimation  of  dry  ice. 

The  measurement  of  threshold  of  freezing  nuclei  activity  varies 
between  -10°  C.  and  -20°  C,  being  most  of  the  time  around  -13°  C. 
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Count-s  at  -25"^  G.  were  from  0,1  to  15  nuclei  per  cc.   of  air.  with 
the  median  being  about  2.0  nuclei  per  cc.     On  a  typical  day  the   counts 
might  be  as  follows s     threshold  at  -13°  C.j   0»1  nuclei  per  cc.   at  -18°  C, 
2  nuclei  per  co.   at  -25^  C.^  10  nuclei  per  cc.   at  -38°  C. 

Except  for  two  instances  all  the  measurements  were  made  dinging 
the  day  in  a  valley^  usually  at  the  Priest  River  Experimental.  Forest 
headquarters.     On  two  occasions  the  nuclei  were  counted  on  North  Baldy 
and  Gisborne  Lookouts",   at  these  high  elevations  the  nuclei  threshold 
temperatures  were  lower  than  the  median  at  low  elevations,,   but  not 
significantly  so. 

The  nuclei  measurements  were  too  few  to  warrant  the  attempt   to 
correlate  them  with  time  of  day,,   synoptic  pattern^   surface  windj   etc. 
They  all  do  sbowj   howev-er^   that  silver  iodide  particles  are  far  more 
efficient  nuclei  than  the  natural  ones,   and  so  seeding  may  be  expected 
to  produce  results  of  some  nature  in  this  area. 

Some  iriformation  on  natur-al  nuidei  aloft  may  be  inferred  from  the 
appearance  of  the  middl.e  and  upper  clouds »     On  various  occasions  the 
temperatures  of  these  clouds  were  estimated  from  the  Spokane  radiosonde 
report  and  measurements  or  estimates  of  the  heights  of  clo\ido  over  northern 
Idaho.     There  were  many  cirrus  forras,    completely  glaciated^,  but  there 
were  also  numerous  examples  of  liquid  cJ.rrocumul.us   clouds  at  temperatures 
between  -32^  and  -'40°  G.^  meaning  that  on  many  occasions  the  naiwal. 
nuclei  content  at  high  elevations  was  extremely  low.     On  the  other  hand, 
often  altoaimulus  forms  at  temperatures  in  the  -10°  C.  to  "2CP   C.   range 
would  develop  snow  vuga,   indii/.ating  the  presence  of  a  fair  number  of 
freezing  nuclei. 


WIDE- ANGLE  AND  3-DIMENSIONAL  PHOTOGRAPHY 

The  advantage  of  wide-angle  photographs  for  almost  all  cloud 
photography  is   obvious ,     Overlapping  photographs j    joined  together  to 
give  a  v/ide-angLe  panoramic  effect,  were  tried.      The  inconvenience  of 
this  technique  initiated  the  development  of  some  extremely  mde-angle- 
lens  cameras,,  which  .ygere  first  used  during  the  1954  field  season.      These 
inexpensive  cameras  take  an  85-degree  picture  2-  x  7-inch,   on  number 
120  film  (figure  24). 

The  7"alue  of  3-dijmensiorial  photography  to   give  both  qualitative 
and  quantitative  data  on  cloud  forms  became  apparent.     After  the  1953 
season^   stereo  pairs  were  made  from  consecutive  frames  from  an  airborne 
time-lapse  r-amera,     A  representatj.ve  pair  of  pictures   taken  from  an  air- 
plane are  shown  in  figure  253   together  with  instruction  on  how  they  may 
be  viewed  w:lT.hout  special  glasses. 

Two  sets  of  stereo  cameras  have  been  built  for  taking  photographs 
of  clouds  from  the  ground.     One  set  uses  a  radio  unit  to  trigger  one 
camera  of  the  pair^   the  other  set.  effects  the  synchronization  by  use  of 
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Figure   24.     Wide-angle   cloud  photo  of   the   type  taken   each  day  during 
the   1954  fire  season  at  the    U.   S.   Forest  Service  Aerial  Fire  Depot, 
I'li  s  s  oula ,   Mon  ta  na  . 


Figure   25.      A  3-dimensional  photograph  pair.      These  two  pictures 

were  taken  about  a  mile   apart.      If   the  left  one   is   viewed  with  the 
left  eye  and   the   right   one   \Ath  the  right  eye,   an  exaggerated 
3-dimensional   effect  is  produced.      Ordinarily  such  stereo 
pairs   are  viewed  \n.th  a  stereo  viewer.      The  viewer  is   a  help,   but 
some   people   can  get  the  3-dimensional  effect  without  a  viewer. 
Try  this   by  looking  at  a  distant   object,    and  then  moving  the 
pictures   in  front  of  your  eyes   at  a  distance   of  a  foot  or  more. 
Squinting  helps   greatly. 
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a  timer  or  by  telephone  communication  between  two  operators «     A  photo 
analyzer  has  been  constructed  to  simplify  the  obtaining  of  accurate 
heights  and  distances  from  the  resulting  negatives. 

Tine-lapse  movies  taken  from  a  fixed  point  show  the  development  of 
cloudsj   on  the  other  hand„  time-lapse  movies  taken  from  a  fast-moving 
aircraft  give  an  almost  instantaneous   "3-D"  picture  of  cloud  situations. 
The  Boeing  Airplane  Company  has  used  a  time-lapse  camera  from  extremely 
high-flying  aircraft  moving  over  or  near  the  Project  Skyfire  region. 
When  these  pictures  are  projected  at  normal  speedy   the  time-scal-e  speed- 
up makes  them  appear  to  have  been  taken  from  an  airplane  or  rocket 
moving'  about  8000  m.   p,  ho     This  apparent  rapid  motion  gives  a  strong 
3-dimensional  effect  to  the  picom^es,   the  effect  being  due  to  the 
difference  of  relative  motion  between  near  and  distant  clouds. 


PRECIPITATION  MECHANISMS 

To  date,   Project  Skyfir-e  has  not  attempted  systematic  study  of 
precipitation  mechanisms;   in  fact^   special   equipment  has  not  been 
available   to  help  vdLth  such  a  study.     How  ever  ^   some  ideas  can  be 
inferred  from  visual  observations , 

Presumably  both  the  ice-crystal  mechanism  and  the  water-drop 
mechanism  (at  temperatures  both  above  and  below  freezing)  are  simul- 
taneously active  in  towering  cumulus  or  anvil-topped  clouds— -the  vital 
problem  of   the  relative  importance  of  the  two  distinct  mechanisms  has 
not  been  resolved.     On  August  20^   1953?,   at  the  Priest  River  Experimental 
Forestj   the  measur^ed  tops  of  cuircalus  c'l  ouds  producing  showers  were 
definitely  warmer  than  -5     Cj   and  many  were  estimated  to  be  above 
freezing.     At  the  same   time  and  area^,  measur-ement  of  natural  freezing 
nuclei  indicated  no  nuclei  were  effective  at  temperatures  as  wa:rm  as 
-11°  C.     No  glaciation  was  visible  in  these  clouds.     Presumably  the 
water-drop  mechanism  was  producing  all  the  precipitation  in  this   case. 
Various  fire  lookouts  reported  that  showers  without  glaciation  were 
common  from  large  cumijlus   clouds;;   probably  a  sizable  share  of  the 
water  reaching  the  gromid  in  the  s-jnimer  in  this  region  ne  o^er  goes   through 
an  ice  phase. 

It  is  quite  conceivable  that  the  water-=drop  mechanism  may  still  be 
a  major  cause  of  precipitation  in  cu.mulas   clouds  which  have  ice  anvil 
tops. 
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V.  METEOROLOGICAL  APPROACHES  TO  REDUCTION  OF  FIRE  DANGER 

Ttiere  are  several  ways  in  which  weather  modification  could  decrease 
fire  danger.  For  example,  if  extra  rain  can  be  induced  to  fall  on  an 
area,  the  chance  of  a  fire  starting  there  will  be  reduced  and  the  growth 
of  an  existing  fire  will  be  inhibited.  Even  an  increase  of  humidity 
near  the  ground  will  tend  toward  similar  effects.  The  method  of  fire- 
danger  reduction  by  increasing  precipitation  could  help  with  man- 
caused  fires  as  well  as  lightning  fires.  Another  approach  is  to  try- 
to  decrease  the  amount  of  lightning,  either  by  altering  the  develop- 
ment of  thunderstorm  clouds,  or  altering  their  electrical  character- 
istics. The  results  of  cloud-seeding  experiments  suggest  that  one  or 
more  of  the  above  approaches  will  someday  reduce  the  lightning  problem. 
Numerous  possible  seeding  techniques  suggest  themselves,  but  much  more 
research  needs  to  be  done  before  any  method  can  be  applied  in  a  prac- 
tical and  economical  manner.  The  data  being  gathered  in  cloud  surveys 
should  provide  part  of  the  essential  background  for  futiare  seeding 
experiments . 


REGIOM^DE  SEEDING 

It  may  be  feasible  to  seed  an  entire  region  for  a  net  precipitation 
increase,  even  though  the  precipitation  is  uncorrelated  with  particular 
fires.  Here  the  danger  of  floods  and  the  inconvenience  which  rain 
causes  to  commercial  interests  must  be  balanced  against  the  possible 
saving  in  fire-prevention  cost  and  timber  loss.  Many  projects  for 
regionwide  seeding  for  extra  rain  have  been  conducted  since  1950. 
The  few  published  results  (/+.,  5.,  8?  2j  11)  are  in  general  encouraging 
but  still  controversial.  Some  results  seem  good,  some  bad,  and  so 
far  most  are  inconclusive.   The  many  unpublished  results  are  similarly 
encouraging  but  likewise  confusing.  Most  of  the  projects  stressed 
ground  generators  emitting  silver  iodide  smoke.  The  detailed  modes 
of  operation  differed  considerably. 


LOCALIZED  SEEDING 

Seeding  of  a  specific  cloud  or  local  area,  which  might  be 
employed  to  help  extinguish  an  existing  fire,  is  better  substantiated 
and  is  not  influenced  by  the  same  possible  negative  economic 
considerations  as  is  regionwide  seeding  (12).  Dry  ice  and  silver 
iodide  are  conventionally  employed.  In  some  cases,  a  forest  fire 
itself  helps  cause  the  buildup  of  a  cloud  over  it  from  which  rain  may 
fall  or  be  induced  to  fall. 
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INHIBITING  CLOUD  BUILDUPS 


It  is  universally  agreed  that  cloud-to-ground  lightning  strikes 
require  large^  convective-type  clouds.   Therefore  any  seeding  which 
\vould  prevent  such  large  clouds  from  forming  would  inhibit  lightning, 
no  matter  what  final  mechanism  causes  lightning.   The  most  prevalent 
theories  of  lightning  formation  are  concerned  with  some  interaction  of 
ice  and  supercooled  water,  so  it  is  well  to  consider  what  steps  could 
cause  modification  of  electric  fields  produced  by  this  mechanism. 
However,  the  size  and  energy  magnitudes  of  thunderstorms  are  so' 
tremendous  that  control  can  perhaps  only  be  effected  by  seeding  to 
prevent  large-cloud  formations  instead  of  seeding  to  alter  the  final 
form. 

The  evidence,  often  contradictory  which  is  available  to  shov/  how 
cloud  seeding  might  inhibit  the  growth  of  cumiilus  clouds,  is  too 
involved  to  treat  here,  but  a  few  points  are  worth  mentioning. 

The  major  source  of  energy  for  thunderstorm  development  comes  from 
the  release  of  latent  heat  as  water  vapor  condenses  into  cloud  droplets . 
There  is  no  rule  that  a  certain  amount  of  energy  must  be  utilized  by 
the  clouds  on  a  certain  afternoon;  if  one  cloud  can  be  inhibited  by 
seeding,  it  does  not  "feed"  on  as  much  energy  as  would  otherwise  be 
the  case.   Its  lack  of  growth  does  not  necessarily  make  more  energy 
available  to  other  clouds — in  fact,  it  may  make  less  energy  available 
to  the  other  clouds.   There  may  thus  be  a  chain  effect — inhibiting 
one  cloud  may  help  inhibit  later  ones.   These  concepts  give  one  the 
hope  that  some  sort  of  seeding  can  be  employed  to  alter  the  weather 
during  a  whole  day  over  a  large  area. 

When  precipitation  begins  in  a  cloud,  decay  sets  in  rapidly. 
If  dry  ice,  silver  iodide,  or  sodium  chloride  seeding  were  to  initiate 
precipitation  earlier  than  natural  conditions,  the  sizes  of  clouds 
could  presumably  be  kept  smaller  than  usual.   Since  silver  iodide  or 
dry  ice  adds  some  heat  energy  to  a  cloud  (by  releasing  the  heat  of 
fusion  of  water  as  the  supercooled  cloud  shifts  to  the  ice  crystal 
phase)  the  cloud  may  become  more  stirred  up  than  usual,  entrain  more 
dry  outside  air,  cool  by  evaporation,  and  decay  earlier.   Seeding 
may  produce  many  other  effects  which  negate  these  actions,  but  the 
possibilities  do  exist  of  using  these  mechanisms  to  inhibit  doud 
growth . 


-42- 


CHANGING  THE  ELECTRICAL  STRUCTURE  OP  CLOUDS 


It  is  difficult  to  decide  how  to  try  to  al-oer  the  characteristics 
of  lightning  because  as  yet  there  is  no  one  accepted  theory  as  to  how 
lightning  originates.  Reference  (?)  includes  a  comprehensive  review 
of  the  major  lightning  mechanisms  which  have  been  proposed.  Newer 
reviews  will  soon  be  available.  The  most  popular  ideas  now  concern 
the  coexistence  of  ice  and  supercooled  water.  Thus  an  obvious 
approach  to  preventing  the  buildup  of  electrical  charges  is  to  reduce 
the  amount  of  supercooled  water  in  a  cloud,,  by  over  seeding  with  dry  ice 
or  silver  iodide,  A  difficulty  with  this  method  is  that  there  are 
physical  limitations  to  the  amount  of  seeding  material  which  can  be 
put  out  and  effectively  distributed  within  the  cloud  mass.  In  addition, 
if  one  area  is  overs eeded  and  a  nearby  area  unseeded,  there  must  be 
intermediate  regions  of  all  other  degrees  of  seeding—and  in  some  of 
these  areas  the  seeding  may  produce  an  unwanted  effect. 

Some  experiments  have  pointed  out  the  possibility  that  charge 
generation  may  be  very  dependent  on  the  slight  impurities  in  the 
water  which  constitutes  a  cloud.  Tests  which  simulated  cloud 
conditions  implied  that  the  sign  of  the  charge  could  be  changed  by 
changing  the  type   of  impurity.  Ammonium  salts  gave  a  sign  opposite 
to  that  ordinarily  found  in  the  atmosphere.  Actual  seeding  with 
ammonia  did  seem  to  be  associated  with  unusuaJ.,  electrical  happenings 
in  the  clouds ^  but  the  results  are  merely  suggestive  of  a  possible 
approach  to  fm^ther  research « 

If  a  good  electrical  conductor  were  placed  vertically  in  a  thunder- 
storm cloudy  the  'iiarges  being  generated  would  presumably  discharge 
through  it  and  neutralize  themselves  to  nondangerous  values.  Simi- 
larly^  if  the  conductor  went  from  earth  to  the  bottom  charge  center 
of  a  cloud „  lightning  to  the  ground  would  be  eliminated,  A  wire 
would  be  an  effective  but  impractical  conductor  for  this  job.  Air 
ionized  by  radioactivity  could  conceivably  offer  some  hope. 

The  Yerj   active  and  extensive  researches  of  thunderstorms  now 
underway  both  in  the  United  States  and  in  other  countries  lead  one 
to  believe  that  much  aei/r  knowledge  in  this  field  will  become  available 
within  the  xiext  few  years.   It  is  important  that  personnel  active  in 
Project  Skyfire  remain  in  close  contact  with  the  advance  in  knowledge 
along  such  lines  since  it  is  quite  possible  that  the  kind  and  nature 
of  the  field  observations  being  made  by  Skyfire  may  be  of  considerable 
value  in  supporting  or  discounting  some  of  the  new  ideas  advanced  in 
this  field  of  research. 
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VI.   THE  JOB  AHEAD 

The  first  resiilts  of  Project  Skyfire  demonstrate  the  possibilities 
of  using  forest-fire  lookout  stations  for  cloud-siirvey  purposes.   Con- 
tinued attention  must  be  given  to  the  development  of  observational 
procedures  which  will  permit  relatively  untrained  personnel  to  obtain 
useful  meteorological  information.  If  it  can  be  demonstrated  that 
this  method  is  practical  and  useful  an  extremely  important  contri- 
bution to  forest-fire  and  meteorological  field  research  will  be 
achieved. 

If  significant  progress  is  to  be  made  in  the  understanding  of 
dynamic  weather  processes  and  lightning  fires  it  is  of  great  importance 
that  both  the  meteorologist  and  the  forester  have  adequate  field 
observations  available.  The  development  of  such  procedures  is  one  of 
the  major  objectives  of  Project  Skyfire.  If  successful^  it  will 
result  in  the  establishment  of  a  new  approach  to  field  research 
procedures  and  will  tap  a  tremendous  potential  for  the  widespread 
recording  of  what  may  be  termed  the  micros true ture  of  regional  cloud 
systems.  By  these  procedures  it  should  be  possible  to  detect  the 
genesis  of  storms  which  become  dominant  in  the  development  of  weather 
patterns  or  which  lead  to  serious  lightning-fire  occurrences.   In 
this  manner  it  may  be  possible  to  determine  the  various  forms  which 
natural  storms  assume  and  thus  establish  the  patterns  which  may  be 
expected  under  different  atmospheric  conditions.  Such  results  will 
not  be  achieved  quickly  or  easily.  However  it  may  be  expected  that 
this  approach 5  if  successful ,  will  be  an  important  step  forward  in 
meteorological  science  and  in  forestry. 

By  concentrating  the  efforts  of  Project  Skyfire  toward  the  under- 
standing of  thunderstorm  patterns  and  types  in  the  northwestern  mountainsj 
a  subject  has  been  selected  having  great  scientific  and  economic  value. 
If  it  is  feasible  to  establish  the  variabilities  of  natural  storms  it 
should  be  possible  to  detect  effects  produced  by  cloud-seeding  procedures. 
In  seeking  this  goal  many  other  important  findings  should  be  made  along 
the  way. 

By  using  the  Munitalp-University  of  Washington-Forest  Service 
mobile  weather  observatory  (figure  26)  and  time-lapse  and  stereo- 
photographic  recording  techniques  under  various  atmospheric  conditions 
a  number  of  new  meteorological  parameters  will  be  measured  and  corre- 
lated for  the  first  time.  Simultaneous  measurements  of  such  factors 
as  the  concentration  of  condensation  and  ice  crystal,  nuclei  and 
atmospheric  electricity  together  with  the  more  standard  weather 
measurements  correlated  with  observed  cloud  forms  and  patterns  may 
establish  some  of  the  complex  interrelationships  which  combine  to 
produce  variations  in  fire-weather  patterns.  Much  exploratory  work 
is  needed  in  this  approach  to  the  chemistry  and  physics  of  the  atmosphere. 
The  observational  procedures  which  will  be  established  as  field  experience 
is  gained  should  be  of  considerable  value  in  this  relatively  new  phase  of 
meteorology. 
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Figure  26.  The  mobile  meteorological  laboratory  can  nsasure  and 
record  many  atmospheric  factors  related  to  lightning  fires. 


It  is  of  primary  importance  that  the  field  results  of  the 
Skyfire  observational  program  be  reduced  to  useful  information. 
The  cloud  survey  has  already  resulted  in  the  accumulation  of  a 
considerable  mass  of  data.  While  a  certain  quantity  of  these  data 
are  useful,  their  greatest  value  to  the  research  program  was  the 
field  experience  v;hich  permitted  the  development  of  the  considerably 
improved  procedures  now  adopted  for  use.  By  having  a  special  research 
meteorologist  active  during  the  1954  season,  by  depending  on  the 
mountain- summit  observers  to  prepare  plotting  cards,  and  by  getting 
daily  cloud  observations  by  radio  relay,  much  of  the  results  of  the 
observational  program  will  be  analyzed  or  at  least  plotted  on  a  day- 
by-day-  schedule.  This  should  greatly  reduce  the  task  of  analysis 
after  the  end  of  the  fire  season. 

In  1954  the  program  has  produced  a  valuable  collection  of 
meteorological  data.  This  is  now  available  for  many  studies  ranging 
from  analysis  of  the  air  motions  in  a  jet  stream  to  the  relation- 
ship of  jet  streams  to  surface  winds,  and  lightning  storms  and 
fires  to  fire-weather  conditions. 
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The  cloud  survey  has  produced  observational  techniques  for 
worldwide  use  v^Aierever  similar  facilities  are  available.  From 
experience  now  obtained  it  is  planned  to  complete  and  print  the 
cloud-observation  manual  used  experimentally  at  all  lookouts  prepar- 
ing daily  reports  in  1954.  The  next  logical  step  in  the  lightning- 
storm  and  jet-stream  cloud  studies  would  be  the  establishment  of  a 
more  extensive  mountain- summit  observational  network,  based  on  the 
Skyfire  cloud  manual  and  observational  procedures.  It  may  now  be 
possible  to  study  lightning  fires  in  the  western  United  States 
from  the  northern  Rockies  to  California, 
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APPENDIX 

"The  Use  of  Clouds  for  Locating  the  Jet  Stream" 
by  Vincent  J^  Schaefer,  Reprinted  with  the  special, 
permission  of  the  Editors  and  Publishers  of  "The 
Aeroplane . " 
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The  Use  of  Clouds 

for  Locating  the  Jet  Stream 


I;/    flip's 
scientifii 


article  Mr.  Vincent  J.  ScHyXEFER,  wIjo  is 
adviser  to  the  Muni t alp  Foundation  Inc.,  of 
Connecticut,  U.S.A.,  discusses  the  possibility  of  identifying 
the  location  and  path  of  the  high-velocity  ivinds  known  as 
'^ jet- streams " .  The  article  is  illustrated  by  coloured 
photographs  taken  by  the  author. 


A  S  air  traiiic  increases  and  aeroplanes  are  built  to  go 
h\  faster  and  higher,  knowledge  about  the  properties 
-  -^and  characteristics  of  the  atmosphere  between 
i3,000  and  50,000  ft.  becomes  of  increasing  importance, 
mong  the  interesting  features  of  this  portion  of  the 
mosphere  are  the  high-velocity  winds  which  flow  in 
datively    narrow    streams    through    the   middle  latitudes 

an  ever-changing  and  meandering  pattern.  These  are 
le  so-called  "  jet -streams  "  and  "  jet -streaks  "  which 
Did  great  interest  to  the  meteorologist  and  climatologist 

well  as  the  persons  who  must  operate  aircraft  in  such 
;gions  of  the  sky. 

These    hi^h-velocitv    air    currents    which    encircle    the 


earth  and  have  a  mean  west  to  east  movement  in  both 
the  northern  and  southern  hemispheres  are  being  studied 
by  a  rapidly  increasing  number  of  scientists.  It  is  not 
uncommon  to  have  two,  and  even  three,  major  jets 
with  six  <jr  more  minor  ones  passing  over  North  America 
at  one  time.  Their  cross-sectional  width  ranges  from 
hfty  to  several  hundred  miles  with  xelocities  from  sixty 
to  two  hundred  or  more  knots.  As  might  be  expected, 
the  higher  velocities  tend  to  occur  when  the  streams  arc 
narrow  in  width  and  thickness.  The  importance  ot 
obtaining  a  more  adequate  knowledge  of  this  phenomenon 
is  obvious  to  those  who  fly  aircraft. 

Beginning  about  1943,  the  writer  started  obser\ing  and 


Top  left,  bands  of  thin  lenticular  below  crrocumulus  patches;  flow  from  horizon  toward  camera.  Top  right,  cirrus 
patches  and  bands  at  high  altitude  w>th  flow  from  left  to  right.  Left,  cirrus  waves  under  conditions  featured  by  rapid 
^  -  lower   left   to   upper   right.      Right,  sunrise  appearance  of  thin  cirrocumulus  with  altocumulus  near 


changes  and  flow  from 


Reftrinieil  jroin  "  The  Aeroplane,"   October  30,    1933 

photographing  spectacular  cloud  patterns  which  appeared 
tVom  time  to  time  in  eastern  New  York.  One  of  the 
most  noticeable  features  of  these  cloud  forms  was  their 
rapid  motion  through  the  sky,  easily  observed  despite 
their  high  altitude.  The  direction  of  cloud  motion  was 
seen  to  vary  from  north-east  through  west  to  south 
with  most  cases  ranging  from  north-west  to  south-west. 
'J'he  clouds  often  appeared  with  a  leading  edge  that  was 
quite  spectacular,  giving  evidence  of  very  high  velocity 
and  extreme  turbulence. 

Early  in  1952  when  200  and  500  mb  charts  showing  the 
wind  held  over  the   United   States   became  available  tor 


Edge  of  cirrus  shield  stretching  from  New  York  to  Nova 
Scotia.     Flow  from   lower   right  toward    upper   left. 

Study,  the  writer  soon  discovered  that  these  unusual 
cloud  patterns  were  closely  related  to  the  major  axis  rjf 
the  jet-stream.*  These  studies  showed  that  the  major 
axis  of  the  jet-stream  is  closely  related  to  the  formation 
of  four  easily  identified  cloud  types.  Typical  examples 
are  shown  in  the  accompanying  illustrations.  They 
consist  of: — 

(i)  Lines    ot   cirrus   clouds   in    liands,    streamers    or 

sheaves ; 
(ii)  Patches  of  cirrocumulus  ami  tw(j  torms  ot  alto- 
cumulus; 
(iii)  The  distinctive  lenticular  forms  in  either  standing 

or  travelling  waves;  and 
(iv)  Waves  or  billows  cc^vering  localized  portions  ot 
the  sky. 

•   SlIlicIcf,   \.   J.— "(lou.k  .,f  the    kt   Strc.il","    IW/'«,    April,   l'JS3— SlockLuliii. 


These  clouds  are  as  easily  recognized  from  the  air  as 
from  the  ground  when  the  aircraft  is  underneath  th( 
clouds.  Whether  this  will  als(j  be  true  from  above  is 
not  yet  known,  although  the  writer  is  inclined  to  believe 
that  they  will  be  as  easily  recognized  from  above  a; 
from  below. 

Several  hundred  observaticjns  were  made  by  the  writei 
during  the  past  year,  mostly  in  the  United  States,  but  tc 
a  limited  extent  in  Great  Britain,  Scandinavia  and  Switzcr 
land.  As  a  simple  rule  for  establishing  the  close  proximit) 
of  the  major  axis  of  the  jet-stream  the  following  condition 
have  now  become  fairly  well  established: — 

(i)  At  least  three  of  the  four  cloud  forms  should  be 

seen  within  a  period  of  several  hours, 
(ii)  The  clouds  must  be  part  of  a  coherent  patterr 

across  the  sky. 
(ill)  I'hey  must  show  evidence  of  high  velocity  o 
movement    and    rapid    changes    in    structural 
details. 
The  rate  of  motion  is  easily  established  from  the  groun 
by  observing  the  relative  motion  of  the  clouds  past  somi 
reference   point.     From   a   moving   aircraft   this   is   moti, 
difiicult.     Under   such   conditions   the   rapid   changes   ii 
structural  detail  may  be  used  since  this  is  related  to  th( 
high  velocity  of  movement  of  the  clouds. 

In  most  cases  thus  far  observed  when  the  major  axis  c 
the  jet-stream  in  the  500 — 300  mb  levels  was  overhead,  thi 
sky  on  the  left  side  major  axis  looking  downwinc 
was  cloudless  with  cool,  dry  air  and  unlimited  visibilif 
while  the  sky  to  the  right  often  exhibited  increase( 
cloudiness. 


i 
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Left,  line  of  high   banded  cirrus  with  flow  from   upper  left  to  lower  right.      Right,   ripples  developing  in   high 
cirrus  with  billows  at  right-angles  to  flow  in  direction  from   left  to  right.     Above  right,   very  high  altocumulus 

ice  crystals  downwind. 
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jj     Above,   high   altocumulus    lenticular   waves    having    many 
layers      and      shedding      ice     crystals     downwind      from 
right  to  left. 


Nearly  1,000  ft.  of  time-lapse  motion  pictures  have  been 
itained  during  the  past  year  by  the  writer  while  engaged 
Lth  the  Munitalp  Foundation's  Atmospheric  Research 
oject.  These  show  many  interesting  features,  par- 
ularly  of  the  relative  air  motions  which  are  an  integral 
rt  of  the  air  flow.  By  studying  the  relative  mass 
otions  of  the  ice  crystals  or  supercocjled  water  droplets 
lich   form   the    thin    clouds    mentioned    previously,    it 

uld  be  possible  to  obtain  a  better  understanding  of 
Irbulence  encountered  in   regions  in  and  near  the  jet- 
cam.     Preliminary    studies    of   the    time-lapse    movies 
close  many  examples  which  must  represent  turbulence, 
ghts    in    such    clouds    synchronized    with    time-lapse 

vies  should  provide  valuable  data  on  this  important 
enomenon. 
There  are  a  number  (jf  problems  related  to  jet-stream 

uds  which  need  further  attention.     These  include  the 

owing: — 

(i)  If  it  is  true  that  specific  cloud  forms  mark  the 

major  axis  of  the  jet-stream  how  feasible  is  it 

to   use   this    knowledge   in   planning   a   more 

efficient  flight  plan  ? 
(ii)  Do  these  clouds  mark  the  location  of  the  fastest 

winds  or  are  they  just  part  of  a  brcjad,  even 

flow  of  air  ? 
(iii)  What  types   of  clouds  have  bad  turliulence  and 

what  types  are  free  from  turbulence  ? 
(iv)  Is  it  better  to  fiy  in,  above  or  below  jet-stream 

clouds  to  obtain  the  most  effective  use  of  its 
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Above  left,  large  and  small  ripples  and  high  cirrus,  with 
flow  from  upper  left  to  lower  right.  Above,  high  cirrus, 
forming  billows — oriented  in  various  directions  with 
respect  to  direction  of  flow,  from  upper  left  to  lower 
right;  clouds   rapidly  changing   in   appearance. 


By  observing  condensation  trails  formed  in  and  near 
jet-stream  clouds  the  writer  is  of  the  opinion  that  certain 
types  of  clouds  mark  regions  of  extremely  smooth  air 
while  (jthers  will  be  violently  turbulent.  Some  of  them 
show  large-scale  shear  and  circular  vortices  while  others 
show  remarkable  standing  and  traxelling  waves  of  great 
magnitutlc  and  velocity. 


Top,  combination  of  high  thin  cirrus  with  veil  of  lower 
clouds  consisting  of  altocumulus  lenticular  and  billow 
forms;  flow  from  lower  left  horizon  to  upper  right. 
Lower  picture  shows  high  cirrus  in  lines  with  long 
direction    indicating    jet    flow   from    lower    left    to    upper 


Reprinted  from  "  The  Aeroplane."   October  30,    1953 


■   »«nKi'!{SJlKL-^ 


Left,  elongated   patch  of  cirrocumulus  looking  in  direction  of  flow  which  is  toward  horizon.     Right,  series  of  altocumulus 

billows.     Flow  toward   horizon. 


A  number  of  the  problems  which  retjuire  answers 
may  be  obtained  with  a  minimum  of  additional  effort. 
Keen  observations  aided  by  simple  photography  will 
add  much  important  information  to  this  interesting 
problem,  viz.,  are  jet-stream  clouds  useful  to  the  aviator 
while    in    the    air    or  will    they    be    more    useful    to    the 


meteorologist   in    supplementing   his    scant    RAWiNf    and' 
pibalJ  observational  programme  from  the  ground. 

With  the  possible  exception  of  the  hurricane  or  typhoon 
and  the  thunderstorm,  there  are  few  cloud  structures  o| 
more   interest,   greater  beauty   or  more  importance   tha 
the  clouds  of  the   jet-stream. 


I  p. AW  IN. — Combination  ni   the   words   i^Jio  .ind   wind.     R:idio  ^ 
I  PIBAL. —  Lomhinalion  of  tlic  words  pilot  ;md  balloon.    A  pl.iin  b.il 


imdc  equipment  is  sent   up  on   a  balloon  and  this  transmits   message 

temperature,  humidity  and  wind. 
i>on  i;  sent  up  and  its  course  is  followed  w  i'h  the  aid  of 
every  lew    minutes. 


,t  \  arious  heights,  of  pressure, 
.loii'e,  from  which  various  readings  arc  taken 


T/we  is  not  jar  of]  n'hen  the  air  liners  in  the  higher 
hititudes  n'ill  travel  with  the  sun;  when  that  day  {or  night 
cofiics)  the  sun  will  not  appear  to  the  passengers  to  rise  or 
set.  Meantime  it  still  overtakes  the  transatlantic  air 
liner  as  it  did  the  Sahena  DC-6  from  which  this  picture 
of  a  sunset  hidh  over  the  Atlantic  was  taken. 
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